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(57) Th 8 present invention presents crystal! ine poty- 
propylenes that contain components insoluble in 64°C 
decane that satisfy the following characteristics (1) to 
(4) and are excellent in hardness and rigidity, high in 
melt tension, and excellent in nfK)lding properties, proc- 
ess for preparing such crystalline polypropylenes. and 
polypropylene compositions and thermoformed prod- 
ucts that contain such crystalline polypropylenes. 

(1) The intrinsic viscosi^ (in ISS^'C decalin) is 
0.5tol0dl/g. 

(2) The molecular weight distribution (Mz/Mw) as 
determined by gel permeation chromatography 
(GPC; solvent: o-chlorobenzene. measurement 
temperature: 140''C) is 5 or more. 

(3) The pentad isotacticity (mmmm percentage), 
which Is a stereoregularity Index determined by the 
measurement of the ^^C-NMR spectrum, is 98% or 
nwre. 



(4) The D value, determined using formula (1) 
below from the loss tangents. tan5Q Q5 and tand^Q 
measured at the frequencies, O.OSrad/sec and 
lOrad/sec respectively by a melt viscoelasticity 
measuring device under a temperature of 230*^6 
and constant strain, and said loss tangent meas- 
urement frequendes^ is 4.0 or more. 



I Iog(0.05)-log(l0) 
|log(tan5o.o6)-log(tan6^o)| 



(1) 



it is preferable for the number^verage molecular 
weight Mn of the components insoluble in 64*'C decane 
to be 25000 or more. 
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Description 

F|gU?QFTHE APT 

5 [00011 present invention concerns crystalline polypro^^enes, that are especially excellent in hardness and rigid- 
ity, high in melt tension, and have exceOent moldng properties, process for preparing such polypropylenes. and com- 
positions and themfioformed products obtained from such polypropylenes. 

pACKgROUNDART 

10 

[0002] Crystalline polypropylenes are excellent in hardness, rigidity, heat resstance, surface gloss (luster), etc.. and 
have been conventionally used in various applications, in particular, crystalline polypropylenes are used in automobile 
bumpers, etc.. that require high rigidity. 

[0003] Such crystalline polypropylenes are used upon blending various modifiers according to the application, and 
is are generally blended with an impact resistance modifier, such as polyethylene, rubber material, etc. 

[0004] Pricriy. in order to compensate for the lowering of rigidity that accompanies the addition of the impact resist- 
ance modifier, an inorganic filler, such as talc, has been added. 

[0005] However, there is a limit to the rigidity Improvement effect that can be provided by the addition of an inorganic 
filler, and for example in systems using a large amount of impact resistance modifiers, it was difficult to obtain a pdy- 
20 propylene resin composition of adequately high riQpdiiy even upon addition of an inorganic filler. 

[0006] Polypropylene reans that are even more improved in rigidity were thus desired especially in thermoformed 
product applications requiring hardness and high rigidity 

[0007] It is known that the rigidity of polypropylene can be improved by raising its crystaJlinity (stereoregukirity), and 
it is also considered that the rigidity of polypropylene is so desired that the wider molecular weight distribution (Mw/Mn) 

25 of the crystalline components (components insoluble in 64''C decane) contained in the polypropylene Is obtained. 
[0008] The present inventor also carried out research toward improvement of the rigidity of polypropylene, and found 
that even If a crystalline polypropylene contains components insoluble in 64<»C decane of a wide molecular weight dis- 
tribution (Mw/Mn). the polypropylene cannot always be sufficiently satisfactory in rigidity, elongation, and toughness if 
the polypropylene has a wide molecular weight distribution in both the high molecular weight side and low molecular 

30 weight side. The present inventor then found that crystalline polypropylenes and polypropylene composrtions containing 
crystalline conponents (components insoluble in 64''C decane). which not only have a wide molecular weigh! distribu- 
tion (Mw/Mn) but also have a wkte molecular weight distribution (Mz/Mw), as determined from the z-average molecular 
weight and weight-average molecular weight of said components insoluble in decane, of 5 or more, and which have a 
pentad isotacticity of 98% or more, and for which the frequency dependence value D of the viscoelastic loss tangent 

3$ under constant strain is 4.0 or more, are extremely excellent in rigidity, and has thereby been lead to complete the 
present invention. 

[0009] Polypropylenes of wide molecular weight distribution have been proposed prioriy. and for example in Japanese 
laid-open patent publication No. 59-172507 is disclosed the production of a polypropylene (PP) by two-stage polymer- 
ization to produce a high molecular weight component (35 to 65wt% of polypropylene of (ii) » 1 .8 to lOdl/g in the first 

<o stage) and a low molecular weight component (65 to 35wt% of polypropylene of (r\) = 0.6 to 1.2dl/g in the second 
stage), and then finally to produce polypropylene of {t\) s 1 .2 to 7dl/g and MwyMn of 6 to 20. Also, in Japanese laid-open 
patent publication No. 4-370103 is disclosed the production of a high molecular weight component having MFR » 
0.0001 to 1 0g/1 0 minutes in the stage of producing the component of highest molecular weight in multiple-stage polym- 
erization and a low molecular weight component of MFR s 10 to I000g/10 minutes in the stage producing the low 

46 molecular weight component. In Japanese laid-open patent publication Na 8-3223 are disclosed polypropylenes hav- 
ing Mw s 1 2 to 2 million, Mw/Mn of 30 to 70. and containing 7 to 15wt.% of a high molecular weight component of Mw 
^ 5 million and 20 to 50wt.% of a low molecular weight component of Mw < 100 thousand. 
[001 0] However the polypropylenes that are disclosed in these patent publications all have a wide distribution both in 
the high molecular weight side and low molecular weight side and such polypropylenes cannot always be sufficiently 

50 satisfactory in rigidity, elongation, and toughness as mentioned above. 

[001 1 ] In Japanese laid-open patent publication fsfo. 4-202507 is disclosed a process of producing PP by polymerizing 
a PP component (0. 1 to 35wt%) of (n) » 5 to 40dl/g using a prepolymerized catalyst and then polymerizing the remain- 
ing PP oonponents in another polymerizer to obtain PP having MFR » 0.1 to 2000g/10 minutes. In Japanese patent 
publication No. 7-5668 is disclosed highly aystalline polypriopylenes having an MFR of 0.1 to 200g/10 minutes with 

55 which the MFR value and the ratio of absorbance at 997cm'^ and 973om''' (997cm'^ /973cm* ^) in the IR spectaim satisfy 
specific relationships, said )R absort^ance ratio of the initial precipitate component, that comprises 2 to 3wt% of the 
total amount dissolved when the polypropylene is dissolved in xylene, is 0.97 or more, and the Mw of said precpitate 
component/Mw of total PP is 3 or more. 
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[0012] Although the above patent publicalcons disclose polypropylenes tl^t contain high molecular weight compo- 
nents, none of the publications disclose the widening of the molecular weght distribution at the Kgh molecular weight 
side without widening the molecular weight distribution at the tow molecular wtight side. 

DISCLOSURE OF THE INVEMTIQN 

[001 3] The crystalline polypropylenes of the present invention are characterized in containing components insoluble 
in 64**C decane that satisfy the following characteristics (1) to (4): 

(1) The ifTtrinsic viscosity (n) On 135°C decalin) is 0.5 to lOdl/g: 

(2) the molecular weight distribution (Mz/Mw) as deternined by gel permeation chromatography (GPC; solvent: o* 
chlorobenzene. nmasurement temperature: 140''C) is 5 or more; 

(3) the pentad isotacticity (mmmm percentage), which is a stereoregularity index determined ksy the measurement 
of the ^^C-NMR spectrum, is 98% or more; and 

(4) the D value, determined using formula (1) below from the loss tangents. tanSg and tan5 measured at the 
frequencies. O.OSrad^ and iCrad/sec, 

respectively, by a melt viscoelastidty measuring device under a temperature of and constant strain, and said loss 
tangent measurement frequencies, is 4.0 or more. 

n^l log(0.05)>lQg(10) [ .^j 
|log(lan8o.o5) • log(tan8 



[0014] It is preferable for the number-average molecular weight Mn of the components insoluble in 64"C decane to 
be 25000 or more. 

[0015] H is preferable for the aystalline polypropylene of the present Invention to contain 60wt% (% by waght) or 
mere of the above-described components insoluble in 64^0 decane. 

[0016] It is preferabia for the aystalline polymer to contain a prepolymer as a nucleating agent 

[0017] The abovementioned polypropylene may specifically be a homcpctypropylene or a propylene Uock oopotymer. 

[0018] The crystalline polypropylene can be produced t>y multiple-stage polymWization of propylene, optionally, along 

with another monomer in the presence of a catalyst for preparing highly stereoregular polypropylene. 

[001 9] In the present invention, h is preferable to perfonn the abovementioned multiple-stage polymerization in three 

stages, wherem in the first stage crystalline polypropylene having an intrinsic viscosity (n) of 8 to 20dl/g is produced at 

an amount corresponding to 0.5 to 1 5wt.% of the finaHy obtained crystalline polypropylene. 

in the second stage crystalline polypropylene having an intrinsic viscosity (n) of 3 to lOdi/g is produced at an 
amoum correspondifig to 0.5 to 30wt.% of the finally obtained crystalline polypropylene, and 
In the third stage crystalline polypropylene having an intrinsic visoosHy {q) of 0.8 to 4.0dl/g is produced at an 
amount corresponding to 99 to 55wL% of the finally obtained crystalline polypropylena 

[0020] The multiple-stage polymerization may also be carried in two stages, wherein in the first stage crystalline poly- 
propylene having an intrinsic viscosity (n) of 8 to 20di/g is produced at an amount corresponding to 0.5 to 15wL% of the 
ffinal^ obtained crystaOine polypropylene and 

in the second stage aystalline polypropylene having an intrinsic viscosity (ri) of 0.8 to 4.0dl/g is produced at an 
amount corresponding to 99.5 to 85wt.% of the finally obtained crystalline polypropylene. 

[0021 ] In the present invention, the crystalline polypropylene may be obtained by blending two or more types of ays- 
talline polypropylene that differ in intrinsic viscosity (ti). and may be obtained tor example by blending 0.5 to 1 5wt.% of 
aystalline polypropylene having an Intrinsic viscosity (ii) of 8 to 20dl/g with 99.5 to 85wt% of crystalline polypropylene 
having an intrinsic viscosity (ti) of 0.8 to 4.0dl/g. 

[0022] The polypropylene composition of the present invention comprises components sduble in 1 40*'C decane and, 
optionally, components insoluble in 140°C decane. in which the components soluble in 140°C decane that are also 
components insoluble in 64**C decane are crystalline polypropylenes that satisfy the characteristics (1) to (4) given 
atxsve. 

[0023] This polypropylene composition prefer^ly contains 70wt% or more of the components soluble in 140'*C 
decane and it is preferable that the components insoluble in 64«C decane are included in an amount of 60wL% or more 
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of the components soluble in 140''C decane. 

[0Q24] It is pref&at^e that the polypropylene composition of the present orrvention contains a nucleating agent. 
[0025] It is also preferable with the polypropylene composition of the present irrvention that the components soluble 
in 140''C decane that are also components soluble in 64°C decane comprise an ethylene/a-olefin copoiym^ or a sty- 
5 rene copolymer, and that the oonponents insoluble in 1 40^C decane comprise an inorganic lOler selected from among 
talc, glass ilbet, potassium titanate, and barium sulfate. 

[0026] The thermoformed product of the present invention is formed of the aystaUine polypropylene or polypropylene 
composib'on described above. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 

[0027] Crystalline polypropylenes {may also be refen'od to hereinafter simply as "polypropylenes") and polypropylene 
compositions containing such crystalline polypropylenes are presented of the present invention. Rrst. a description of 
the crystalline polypropylenes shall be given. 
15 [0028] In the present invention, the term, "polymerization," may be used to refer not only to homopolymerizatton but 
also inclusively to copolymerization, and the term, "polymer," may be used to refer not only to a homopolymer but also 
indusivdy to a copolymer. 

Crystalline Polyproovlene 

[0029] The crystalline polypropylene of the present invention contains the below-described components insoluble in 
SA^C decane at an amount of 60wt.% or more, preferably 65 to I00wt.%, and more preferably 70 to lOOwt.%. 
[0030] These components insoluble in 64''C decane are those which are considered to be the crystalline components 
in the polypropylene, and in the present specification, the components insolii)le in 64°C decane may also be referred 
25 to as "crystalline convxsnents." 

[0031] The components insoluble in 64*'C decane of the crystalline polypropylene (polymeO are the components 
which preciprtate at 64<*C after said polymer is dissolved in 140°C decane. 

[0032] Specifically, approximately 500ml of decane and approximately 2g of sample (polypropylene) are weighed 
accurately and introduced into a transparent flask set inside a glass, double-tube type constant temperature bath and 
30 then dissolved completely by stirring for approximately 1 hour at 140^C. Thereafter, the temperature of the solution is 
dropped gradually to 64'*C while stirring, and after the solution temperature has become constant at 64*'C. stirring is 
continued a day and i^ght and the precipitated components insoluble in decane are separated by filtration from a glass 
filter (or a metal net of 300 mesh, filter paper, etc.. according to the circumstances). 

[0033] The componaits insoluble in decane (powder-form) that have been obtained by f Stration are then dissolved 
35 completely in approximately SOOml of decane at approximately 1 40°C. then repredpitated in excess acetone, and then 
separated by fiHration. The decane-insotuble components that have thus been obtained are dried a day and night under 
reduced pressure in a vacuum drier set to approximately 80^C and then weighed accurately. 
[0034] The components soluble in 64'*C decane are obtained by pouring the filtrate obtained by the abovementioned 
hot filtration at 64«C into 1 to 2 liter of methanol and then precipitating by adding 2 to 2 liter of acetona 
40 [0035] The components insoluble in 64<'C decane (crystalline component) obtained decane separation of the crys- 
talline polypropylene as desaibed above satisfy all of the following characteristics (1} to (4): 

(1) The intrinsic viscosity (r\) (in ISS^'C decalin) of the components insoluble in 64''C decane is 0.5 to 10dt/g. pref- 
erably 1 .0 to 8.0dl/g, and pref&able still at 1.2 to 5.0dl/g. 
45 (2) The molecular weight distribution (Mz/Mw) of the coipponents Insoluble in 64^C decane as determined by gel 
permeation chromatography (GPC: sohrent: o-cNorobenzene, measurement temperature: UO^'C) is 5 or more, 
preferably 5.5 to 30, and especially preferable 6.0 to 20. 

In the GPC of the components insoluble in 64<'C decane. a greater Mz/Mw value of the molecular weight ds- 
tribution (Mz/Mw), determined from the z-average molecular weight and the weight-average molecular weight, indi- 
50 cates that the distribution is wider at the high molecular weight side. 

In the present invention, the Mz/Mw value of the components Insoli^e in 64*^0 decane is 5 or nrare as 
described above and a large amount of the high molecular weight components is thus contained. 

The molecular weight distribution (Mw/Mn) of the components insoluble in 64*'C decane is preferably 5.0 or 
more and especially preferable 6.0 to 20. 
55 Also, the number-average molecular weight of the components insoluble In 64°C decane should be 25000 or 

more, preferably 28000 or more, and preferably still at 30000 or more. 

(3) Though tiie components insoluble in 64''C decane of polypropylene generally is the crystalline component, the 
components insoluble in 64°C decane of the crystalline polypropylene of the present invention are especially high 
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in cryetallinity. and the pentad isotactictty (mmmm percentage). wKch is a stereoregutarity index, of the crystalEne 
components s 98% or more, preferably 982 to 100%, and pref&aUy stai at 98.2 to 99.5%. 

This pentad isotactidty is determined as the peak intend ratio [Pmmmm]/[Pw] in the ^^C-NMR spectrum of 
the components insoluble in 64''C decane. 
5 Here. [Pnrunmm] is the peak intensity of the third methyl groiqp in the isotactically bonded quintuple chain of the 

propylene unit and [Pw] is tfie methyl group peak intensity of the entire polypropylene unit 
(4) The crystalline polypropylene or the components insoluble in G4**C decane the polypropylene of the present 
Invention exhibit the following specific viscoelastic property. 

10 [0036] That is. the 0 value, determined u^ng formula (1) belov/ from the loss tangents. tan5 q qs tan6 meas- 
ured at the frequencies. 0.05rad/sec and lOrad/sec respectively by a melt visooetasticity measuring device under a 
temperature of 230^0 and constant strain, and said loss tangent measurement frequencies^ is 4.0 or more, preferably 
4.2 or more, preferably stiD at 4.5 or more, preferably still at even 5.0 to 30. and especially preferably 5.5 to 20. 

p. I togffios) -108(10) I (1, 
|log(tan$o.o5)-log(tan6io)| 



[0037] The abovementioned loss tangent (tan$ ) value is specifically determined as follows. 
20 [0038] That is. the components Insoluble in 64*C decane of the crystalline polypropylene are press molded at 230X 

and formed into a disk-shaped sheet of 2mm thickness and 12.5mm racfius. Using this sheet, the loss elastic moduli. 

Gr(MPa) and G"(MPa). at a frequency of 0.05rad/sec and the loss elastic moduli. G' and G**. at a frequency of lOrad/sec 

are measured at 230''C and under constant strain with a melt vi8coela8tk% measuring device to detemrvna the loss 

tangent (tan6 = Q"/G* ) values at the respective frequendes. 
25 [0039] H is considered that with the crystalGne components (components insoluble in 64*'C decane) of the crystalline 

polypropylene, the larger the frequency deperxience value D of the viscoelastic loss tangent under constant strain, the 

greater the content of high molecular weight components. 

[0040] The crystalline polypropytenes acoording to the invention that contain components insoluble in 64''C decane 
that sabsfy the above characteristics (1) to (4) are e^ecially excellent in hardness and rigicfity as well as high in melt 

30 tension and excellent in molding properties. 

[0041] In particular, the crystalline polypropylenes of the present invention contain components insoluble in 64^C 
decane (crystalline component that have a wkfe molecular weight distribution (Mz^). determined from the z-average 
mdecular weight and weight-average molecular weight, of 5 or more, a pentad isotacticity of 98% or more, and a vis- 
coelastic characteristic as specified by the D value of 4.0 or more, and a polypropylene that contains such crystalline 

35 components exhibits extremely high rigidity. Furthermore, excellent toughness is exhbited when the components insol- 
uble in 64''C decane have a number-average molecular weight Mn of 25000 or more. 

[0042] Polypropylenes of the prior art. in evaluations of components insoluUe in 84''C decane having {r\) value equiv* 
alent to that of the present invention, did not satisfy the characteristics of nx)lecular weight distribution (Mz/Mw) of 5 or 
more, a viscoelastic characteristic as specified by the D value of 4 or more, and a pentad isotacticity of 98% or more at 
40 the same time. 

[0043] TTiough it is preferable for the components insoluble in 64°C decane (aystalline components) with the above- 
described characteristics to be usually comprised ortiy of units derived from propylene, units that are derived from 
minute amounts of other monomers may also be contained according to necessity as long as the objects of the present 
invention are not spoiled. 

45 [0044] Other monomers include for example, a-olef ins other than propylene, such as ethylene. 1 -butene. 1 -pentene. 
1-hexene, 4-methyH-pentene. 3-methyl-l-pentene. i-heptene, 1-octene. 1-nonene, 1-decene. 1<fodecene. eta, 

vinyl compounds, such as styrene, vinylcydopentene, vinylcydohexane, vinylnortwrnane, etc., 
vinyl esters, such as vinyl acetate, etc, 
so unsaturated organic acids and derivatives thereof, such as maleic anhydride, etc.. 
conjugated dienes. and 

non-conjugated pdyenes. such as dk:yclQpentadiene. 1,4-hexadiene, dicydooctadiene, methylene noitornene, 5- 
ethylklene-2-norbornene. etc. Among the above, ethylene and a-olef ins of 4 to 10 cartxm atoms are preferable. 
Also, two or more of the above may be copolymerlzed. 

55 

[0045] The crystalline polypropylene of the present invention is not specified in particular besides having components 
insoluble in 64<'C decane that satisfy the characteristics given above as the components insoluble in 64'*C decane. and 
the components soluble in 64°C decane may be atactic polypropylene components or copolymerlzed rubber compo- 
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nents such as those mentionad abova For example, olefin rubber components or conjured cfiene rubber compo- 
nents, etc., may be contained as the components soluble in SA'O decana 

[0046] The crystalline polypropylene may spedfically be a homopolypropylene or a propylene block copolymer. In the 
present invention, even if a large amount of a rubber component, such as EPR (ethylene/jpropylene copolymer), is con- 
5 tained as the components soluble in 64''C decane along with the abovenrtentioned components Insoluble in 64't2 
decane. excellent rigidity is exhbited. It is preferable that such a pdypropytene is a propylene block copolymer since it 
will then be excellent in impact resistance as well as rigidity, and a propylene block copolymer which has the intrinsic 
viscosity (t)) of the rubber component Is 0.5 to lOdl/g is espedaily preferabla 

[0047] It is also preferable for the crystalline potypropytene of the present invention to contain a homopdymer or 
JO copolymer of a branched olefin, such as 3-methyl-1-butene, 3,3-dimethyl-l-butene. 3-methyl-l-pentene, 3-ethyl-1-pen- 
tene. 4-methyl-l-pentene. 3-methyl-1-hexena 4-melhyl-Vhexene. 4.4-dimethyl-1-hexene, 4.4-<fimethyH-perTtene, 4- 
ethyl-1-hexene, 3-ethyt-1-hexene. 3.5.5-trjmethyl-l-heKene, vinylcyclopentan^. vinylcydohexane. vinytcydoheptane, 
vinylnort)omena allylnort3ornane. styrene. dimethylstyrene. altylbenzene. allyltotuene. altytnapthalene. vinylnaphtha- 
lene. etc. as a prepolymer. Among the above, 3-methyl-1-butene. etc.. are especially preferable. 
IS [0048] Such a prepolymer derived from a branched defin acts as a nudeating agent for crystallization. 

[0049] The above desaibed crystalline polypropylene of the present invention should have a melt flow rate (MFR: 
ASTV 01238-65T. 230^0. under load of 2.16kg) of usually 0.1 to 200g/10 minutes and preferably 0.5 to lOOgMOTnin- 
utes. The molding properties are satisfactory when the melt flow rate value Is within such ranges. 

20 Production of Cfystalline PQlyprwylene 

[0050] Although the process for preparing the crystalline polypropylene of the present invention is not specified in par- 
ticular as long as the pdypropylene can be produced so as to contain the above-desaibed components insoluble In 
64''C decane. crystalline polypropylene can be formed for example by multiple-stage polymerization of propylene, in 
25 wttich a catalyst for preparing highly stereoregular polypropylene Is used to perform the polymerization of the second 
stage onward in the presence of a polymer obtained In the first stage and upon changing the polymerization conditions. 
[0051 ] With the present inventton. it is preferable to use a catalyst for pr^ring highly stereoregular pdypropylene in 
the production of polypropylene containing the above-described crystalline components, and for exarriple. a catalyst, 
comprised of; 

30 

(a) a solid titanium catalyst oomponent containing magnesium, titanium, halogen, and electron donor. 

(b) an organometalfic compound, and 

(c) an organosilicon compound (c-1 ) of formula 0) below or a compound having two or more ether bonds between 
which are interposed a plurality of atoms, can be used. 

35 

R^Si(Orf04.n G) 

(In the above formula, n is 1 . 2. or 3. at least one of the R^'s is a secondary or tertiary hydrocarbon groups the R^'s may 
be the same as or different from each other when n is 2 or 3. Is a hydrocarbon group of 1 to 4 carbon atoms, and the 

40 R^s may be the same as or different from each other when 4-n is 2 or 3.) 

[0052] The abovementioned solid titanium catalyst component (a) may be prepared by bringing a magnesium com- 
pound, titanium compound, and electron donor in contact with eadi other. 

[0053] Magnesium compounds that have reducing ability and magnesium compounds that do not have reducing abil- 
ity can be used as the magnesium compound to be used in the preparatton of a titanium catalyst component 

4S [0054] Here, magnesium oonpounds having a magnesium-cart>on bond or a magnesium-hydrogen bond may be 
given as examples of magnesium compounds that have redudng ability. Specific examples of such magnesium com- 
pounds that have redudng ability include dimethylmagnesium. diethylnwgnesium. dipropylmagneslum, dibutylmagne- 
sium. diamylmagnesium. dihexylmagnesium. (fidecylmagnesium. ethylmagnesium chlorida propylmagnesium 
chloride, butytmagnesium chloride, hexytmagnesium chloride, amylmagnesium chloride, butytethoxymagnesium. ethyl- 

50 butytmagnesium. butylmagnesium hydride, etc. 

[0055] Spedfic examples of magnesium conipounds that do not have redudng ability include magnesium halides. 
such as magnesium chloride, magnesium bromide, magnesium iodide, magnesium fluoride, etc: alkoxymagnesium 
halides. such as methoxymagnesium chloride, ethoxymagnesium chloride, isopropoxymagnesium chloride, butoxy- 
magnesium chloride, odoxymagnesium chloride, etc.; aryloxymagnesium halides. such as phenoxyniagnesium chlo- 

55 ride, methylphenoxymagnesium chloride, etc.; alkoxymagnesiums, such as ^oxymagnesium, isojoropoxymagnesium, 
butoxymagnesium. n-octoxymagnesium, 2-ethy1hexoxymagneslum. etc.; aryloxymagnesiuns, such asphenoxymagne- 
sium. dimethyiphenoxymagnesium. etc.; and cart)oxylates of magnesium, such as magnesium laurate. nugnesium 
stearate. etc. 
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[0056] These magnesum compounds without reducing properties my be compounds derived from the abovemen- 
tioned magnesium compounds with reducing properties or may be compounds derived in the process of preparing the 
catalyst component. To derive a magnesium compound that does not have redudng ability from a magnesium com- 
pound with reducing ability, the magnesium compound with redudng abSity may be brought in contact with a pdysi- 
5 lODcane compound, halogen-containing silane compound, halogen-contsdning aluminum compound, ester, alcohol, 
halogen-containing compound, ketone or other compound with an active carfaon-cKygen bond. 
[0057] The magnesium compound may also be derived from metal magnesium In the process of catalyst preparation. 
[0058] Two or more magnesium compounds may be used in oomUnation. t 

[0059] The abovementioned magnesium compound may form a complex compound or double compound with alumi- 
10 num. zinc, boron, beryllium, sodium, potassiunx or other metal or may be a mixture with another metal compound. 
[00^] Although various nagnesium oonnpounds besides those mentioned above can be used in the present inven- 
tion, it is preferable that the magnesium compound take the form ol a halogen-containing magnesium compound in the 
solid titanium catalyst conponent (a) that is obtained in the final stage. Thus in the case where a magnesium compound 
that does not contain a halogen is used, H is preferable to subject the magnesium compound to a contact reaction with 
15 a haiogen-containing compound in the process of preparing the catalyst component 

[0061] Among the above, magnesium compounds that do not have reducing ability are preferable, hatogen-containing 
magnesium compounds are preferable still, and magnesium chloride, alkoxymagnesium chloride, and aliytoxymagne- 
sium chloride are especially preferable. 

[0062] With the present invention, it is preferable that the magnesium compound is used in liquid form in the process 
20 of catalyst component preparation, and in the case where a magnesium compound among the abovementioned mag* 

nesium compounds is a sdid. the magnesium compound can be made liquid in form by the use of an electron donor. 

[0063] In the case where a magnesium compound among the abovementioned magnesium compounds is a solid, the 

magnesium compound can be made liquid in form by the use of an electron donor (ftquif ier). 

[0064] For the liquif ier. use can be made ol an alcohol, phenol, ketone, aldehyde, ether, amine, or pyridine, etc.. indi- 
25 cated below or tetraethoxytitaniuni. tetra-n-propoxytitanium. tetra-l-propoxytitanlum. tetrabutoxytitanium. tetrahexoxyti- 

tanium. tetrabutyoxyzirconium. tetraethoxyzirconium. or other metal add ester, etc.. as an electron donor. 

[0065] Among the above, use of an alcohol or metal add ester is espedally favorabia 

[0066] The reaction of liquefying the solid magnesium compound is generally carried out by a method in which the 
solid magnesium compound is brought in contact with an abovementioned liquif ier and heating as necessary. This con- 
so tact is normally carried out at a temperature of 0 to SOO^'C. preferably 20 to 180*'C. and preferably still at 50 to ISO'^C. 
[0067] Also a hydrocarbon solvent etc.. may be made to coexist in the liquefying reaction, and for example^ an 
aliphatic hydrocaiton, such as pentane. hexane, heptane, octane, decane, dodecane, tetradecane, kerosene, etc.; an 
alicydic hydrocarbon, such as cyclopentane methylcydopentane. cyclohexane. methylcydohexane. cydooctane. 
cydohexene, etc.; a halogenated hydrocarison. such as dichloroethane. dichloropnopane, trichloroethylene. chloroben- 
55 zene. etc.; or an aromatic hydrocart^on, such as benzene, toluene, xylene, etc.. may be used. 

[0068] In the preparation of the solid titanium catalyst component (a), it Is preferable to use a quadrivalent titanium 
conpound of the fblkiwing formula as the titanium compound. 

Ti(OR)gX^ 

40 

[0069] (In the above formula. R indicates a hydrocartx)n group. X indicates a halogen atom, and g satisfies 0 :^ g ^ 4.) 
[0070] Specific examples off such a titanium compound indude 

tetrahalogenated titaniums, such as TICU. T1Br4. T1I4, eta; 
45 trihalogenated alkoxytitaniums. such as Ti(OCH3)Ct3. Ti(OC2H5)Cl3. Ti(0-n-C4H9)Cl3. Ti(OC2H5)Br3. Ti(0-i80- 
C4H9)Br3. etc.; 

dihalogenated dialkoxytitaniums, such as Ti(OCH3)2Cl2. 'n(<DC2H5)2Cl2, Tl(On-C4H9)2Cl2, Ti(OC2H5)2Br2. etc.; 
monohalogenated trialkoxytitaniun©. such as T](OCH3)3a. Ti(OC2H5)3CI. Ti(0-n-C4H9)3a, TiCOCaHsjaBr. etc.; 
and 

so tetralkoxytitaniums. such as Tl(OCH3)4. TiiOC^H^^, Ti(0-n-C4H9)4. Ti{0-iso-C4H9)4. Ti(0-2-ethylhexyl)4. etc. 

[0071 ] Among the above, halogen-containing titanium conpounds are preferable, tetrahalogenated titaniums are also 
preferable, and titanium tetrachloride is particularly preferable. Two or more of the above titanium compounds may be 
used as combinations. Also, the titanium compound may be used upon dilution in a hydrocarbon compound or halogen- 
55 ated hydrocart)on compound, etc. 

[0072] Examples of the electron donor used in the preparation of the solid titanium catalyst oomponent (a) indude 
alcohols, phenols, ketones, aldehydes, esters of organic and inorganic adds, organic acid halides, ethers, acid amides, 
add anhydrides, ammonia, amines, nitriles. Isocyanates, rvtrogen-containing cydic compounds, oxygen-containing 
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cyclic compounds. 

[0073] More specif ic examples Indude alcohds of 1 to 18 carton atoms, such as methanol, ethand. pnopanol. pen- 
tanol. hexanol. octanoL 2-ethylhaxanol dodecanol. octadecyl alcohol, oley) alcohol, benzyl alcohol, phenylethyl alcohol, 
cumyl alcohol. Isopropyl alcohol, isopropylbenzyl aloohd. etc.; 

phenols of 6 to 20 caftx)n atoms, which may contsdn a lower alkyi group, such as phenol, cresol. xytand, ethyl phe* 
nol, prof^ phenol, nonyl phenol, cumyl phenol, naphthol, etc., 

ketones of 3 to 1 5 cartxsn atoms, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, acetophenone, ben- 
zophenone. acetytacetone. benzoquinona, etc.; 

aldehydes o1 2 to 1 5 carbon atoms, such as acetaldehyde, propionaldehyde. octylaldehyde. benzaldehyde. tolakJe- 
hyde, naphthaidehyde. etc.: 

organic acid esters of 2 to 30 cartxxi atoms, such as methyl tonnate, methyl acetate, ethyl acetata. vinyl acetate, 
propyl acetate, octyl acetate, cydohexyl acetate, ethyl propionate, methyl butyrate. ethyl valerate; methyl cMoroac- 
etate, ethyl dichloroacetate. methyl methacrylate. ethyl crotonate. ethyl cydohexenecartx)xylate. methyl benzoate. 
ethyl benzoate. propyl benzoate, butyl benzoate. octyl benzoate. cydohexyl benzoate. phenyl benzoate, benzyl 
benzoate. methyl toluate. ethyl toluate. amyl toluate. ethyl ethylbenzoate, methyl anisate. n-butyl mateate, diisobutyl 
methylmalonate. (£-n-hexyt cydohexenecarboxylate. diethyl nadicate. diisopropyl tetrahydrophthalate, diethyl 
phthalate^ diisobutyl phthalate, di-n-butyl phthalate, di-2-ethylhexyl phthalate. pbutyrolactone. 8-valerolactone, 
cumarin, phthalide, ethyl carbonate, etc.; 

add halides of 2 to 15 caxbon atoms, such as acetyl chlorkle, benzoyl chloride, toluyl chtortde. anisyl cNorkie. etc.. 
ethers of 2 to 20 caitx>n atoms, such as methyl ether, ethyl ether, Isopropyl ether, butyl ether, aniyi ether, anisole. 
diphenyl ether epoxy-p-inethane. etc.; 

add amides, such as acetic add amide, benzoic acid annde, toluic add amide, eta; 

add anhydrides, such as acetic anhydride, phthalic anhydride, benzoic anhydride, etc.; 

amines, such as methylamine. ethylamine. dimethylamine, diethylanvne, ethylenedlamlne, tetramethylenedianriina, 

hexamethylenediamine, tributylamine. trtbenzylamine, etc.; 

nitriles, such as acetonitrile, benzonttrile. trinitrile. etc.; 

nitrogen-containing ring compounds induding pyn-oles. such as pynole. methylpyrrole, dimethytpyrrole, etc: pyrro- 
line; pyrrolidine: indole; pyridines, such as pyridine, methyt^ridine. ethylpyridine. propylpyridine, dimethylpyridine. 
ethylmethylpyridine. trimethylpyridine. phenylpyridine. benzyfpyridine, pyridine chloride, eta; pipertdines; quino- 
fines: isoquinolines; etc.; and 

oxygen-containing ring oonpounds, such as tetrahydrofuran, 1,4-Gineole, 1.8-dneole. plnoKuran, methylfuran, 
dimethylfuran. dlphenylfuran. benzofuran. cumaran, phthalan, tetrahydropyran, pyran, dihydropyran. etc.. 

[0074] Muttivatent cartx)xylates having the skeletons expressed by the general formulae below can be given as par- 
ticularly preferable examples of organic acid esters. 



[0075] In the above fornujiae. indicates a substituted or non-sut)stituted hydrocartwn group. R^. R^, and R^ indi- 
cates hydrogen or substituted or non-substituted hydrocarbon groups. R^ and R^ indicates hydrogen or substituted or 
non-substituted hydrocartX)n groups and. preferably at least, one of either a substituted or non-substituted hydrocart)on 
group. R^ and R^ may be joined together to form a cydic structure. In the case where a hydrocarbon group among R^ 
to R® is substituted, the substituent contains a heteroatom, such as N, 0, 8, and has a group such as C-O-C, COOR. 
COOH. OH. SO3H. -C-N-C, NH2, etc. 

[0076] Specific examples of such a nrujitivalent carboxylate indude: 

aliphatic pdycarboxylates, such as diethyl sucdnate. d&utyl sucdnate, diethyl methylsucdnate. diisobutyl a-meth- 
ylglutarate, diethyl methylmalonate, diethyl ethylmalonate. dethyl isopropylmalonate, diethyl butytmatonate. diethyl 
phenylmalonate. diethyl diethylmalonate. diethyl d&sutylmalonate, monooctyl maleate. dk)Ctyl maleate. dibutyl 
maleate. dibutyl butylrnaleate, diethyl butylmaleate; diisopropyl p-methylglutarate, diallyl ethylsuccinate. di-2-ethyl- 
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hexyl fumarate. diethyl itaconate. dioctyt dtraconate, etc.; 

alicydic polycartxsxytates. such as diethyl 1 .2-cyclohexanecaft)03cylate. dusobutyl 1 .2-cyclohexanecait)Qxylate. die- 
thyl tetrahydrophthalata, diethyl nadicate. etc.; 

aromatic polycartx)xy1ate$. such as monoethyl phthalate. dimethyf phthalate. methyiethyt phthalate, monoisobutyl 
5 phthalate. diethyl phthalate. ethytisobutyi phthalate. di-rvpropyl phthalate. diisbpropyl phthalate. di-n-tKJtyl phtha- 
late. diisobutyl phthalate. di n-heptyl phthalate. di'2-ethylhexyt phthalate. di-n-octyl phthalate. dineopentyl phtha- 
late. didecyl p^halate, benzylbutyl phthalate. diphenyt phthalate. diethyl naphthal&iedicart)0xy1ate, (fikxityl 
naphthalenedicaitoxylate. triethyl trimeDitate. dbutyl trimelfitatei eta; and 
esters of heterocyclic pdycartxsxylic acids, such as 3.4-furandicarbQxylic add. 

10 

[0077] 0th er exarrples of multivalerTt cartx}xylates include esters of long-chain dicartxjxylic acids, such as diethyl adi- 
pate, dtsobutyl adipate. dBsopropyl set^acate. di-n-fautyt setsacate. cfi-n-octyl sebacate^ di-2-ethylhexyl s^cate. etc.. 
[0078] Furthermore, with respect to the electron donor, the organosilioon compounds and polyether compounds men- 
tioned below, water, and anion, cation, and non-ionic surfactants, etc.. may be used as electron donor (c). 
15 [0079] Among the above, it is preferable to use a cart)oxylate with the present invention, and it is espedady preferable 
to use a muHivaient cartxixylate, in particular, a phthalate. 
[0080] Two or more types of such electron (toors may be used in combination. 

[0081 ] In bringing an abovementioned titanium compound, magnesium compound, and electron donor in contact with 
each other, other reaction reagents of sOicon. phosphorus, alunfiinum. etc., may coexist and a cam'er n^y be used to 
20 prepare a solid titanium catalyst component (a) that is carried on a canrier. 

[0082] Examples of such a canier indude AJaOa. Si02. 8^3. MgO. CaO. T1O2. ZnO. Sn02. BaO. ThO, and resins, 
such as styrene-divinylbenzene copolymer, etc. Among these. AI2O3. SIO^. and styrene-divinylbenzene copolymer can 
be used favorably. 

[0083] Although the solid titanium catalyst component (a) can be prepared employing various methods induding 
25 taiown methods, a few examplee of the preparation method shall be described briefly below. 

(I) A method In which a hydrocart)on solution of tfie magnesium compound corttaining the electron donor (liquif ier) 
is subject to contact reaction with the organometallic compound, and the solid is subject to contact reaction with 
the titanium compound after being predpitated or while being predpitated. 

30 (2) A method in which a complex comprised of the magnesium conrpound and the electron donor is subject to a 
contact reaction with an organometallic compound and then subject to a contact reaction with the titanium oonv 
pound. 

(3) A method In which the contact pnxluct of an inorganic carrier and the organic magnesium compound is con- 
tacted and reacted with the titanium compound and the electron donor. With this method, said contact product may 

35 be contacted and reacted with a halogen-containing compound and/or an organometallic compourKl. 

(4) A method in which a carrier on which the magnesium compound is carried is obtained from a mixture of a mag- 
nesium compound sdution. containing the liquifier and optiornliy a hydrocarbon solvent the electron donor, and 
the earner, and said canier is thereafter brought in contact with the titanium compound. 

(5) A method in which a solution containing the n^agnesium compound, titanium compound, electron donor and 
40 optionally a hydrocarbon solvent is brought in contact with a carrier. 

(6) A method in which a liquid-form organic magnesium compound is contacted with a halogen-containing titanium 
compound. In this case, an electron donor is used at least once. 

(7) A method in which after a liquid-form organic magnesium compound is contacted wHh a halogen-containing tita- 
nium compound, the product is contacted with the titanium conpound. In this case, an electron donor Is used at 

46 least onca 

(8) A method in which an alkoxy group containing a magnesium compound is contacted with a halogen-containing 
titanium confound. In this case, an electron donor is used at least onca 

(9) A method in which a complex comprised of an alKoxy group containing magnesium compound and the electron 
donor is contacted with the titanium compound. 

so (10) A method in which a complex comprised of an alkoxy group containing magnesium compound and the electron 
donor is contacted with an organometallk; compound and then contacted and reacted with the titanium compound. 

(II) A method in which the magnesium conpound. electron donor, and titanium compound are contacted and 
reacted in an arbitrary order. Prior to the reaction, the respective components may be pretreated with the electron 
donor, a reaction assistant such as an organometallic conpound or a halogen-containing silicon compound. 

55 (12) A method in which a liquid-fam magnesium conpound without redudng ability is reacted under the presence 
of an electron donor with a liquid-form titanium compound to predpitate a solid magnesium-titanium conplex. 

(13) A method in which the reaction product obtained by (1 2) is furthermore reacted with the titanium compound. 

(14) A method in which the reaction product obtained by (1 1) or (12) is furthemnore reacted with the electron donor 
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or the titanium oonr^ound. 

(15) A method in which a soDd product obtained by oushing the magnesium compound ond the electron donor and 
the titanium compound is treated with a halogen, a halogen conpound, or an aromatic hydrocarbon. Thie method 
may include a process in which jist the magnesium conpound, a complex conprised of the magnesium connpound 
and the electron donor, or both of the magnesium conpound and the titanium compound is/are crushed. Alterna- 
tively, pretreatment with a reaction assistant followed by treatment with a halogen, etc.. may follow the crushing 
process. Organometallic compounds and halogen-containing silicon compounds may be used as the reaction 
assistarrt. 

(16} A method in which the magnesium compound is crushed and then contacted with the titanium compound. The 
electron donor is used along with a reaction assistant according to necessity in the process of crushing and/or con- 
tacting the magnesium compound. 

(17} A method in which the compound obtained by any of (1 1) to (16) above Is treated with a halogen, a halogen 
compound, or an aromatic hydrocartm. 

(18) A method in which the contact reaction product of a metal oxide, organic magnesium, and a halogen-oontain- 
ing compound is contacted with the electron donor and preferably the titanium compound. 
(19} A method in which a magnesium salt of an organic acid, a magnesium compound such as an alkoxymegne- 
sium and an aryloxymagnesium is brought in contact with the titanium compound electron donor and. optionally, a 
halogen-containing hydnocart^n. 

(20) A method in which a hydrocarbon solution containing the magnesium compound and an altaxytitanlum is 
brought in contact with the electron donor and. optionally, a titanium compound. In this process, it is preferable that 
a halogen-containing compound such as a halogen-containing silicon compound coexists. 

(21) A method in which a solid magnesiunvmetal (aluminum) complex is precpitated by reacting a Oquid-fdrm mag- 
nesium compound without reducing ability with an organometallic compound and then reacting the complex with 
the electron donor and the titanium compound. 

[0084] Although the usage amounts of the respective components used in the contact process differ according to the 
preparation method and cannot be specified in general, it Is desirable to use. for example. 0.01 to 10 moles and prefer- 
ably 0. 1 to 5 moles of electron donor and 0.01 to 1000 moles and preferably 0. 1 to 200 moles of titanium compound per 
mole of magnesium compound. 

[0085] The solid titanium catalyst component (a) thus obtained contains magnesium, titanium, halogen, and electron 
donor, and in tiiis solid titanium catalyst component (a), it is desirable for the halogen/titanium ratio (atomic ratio) to be 
approximately 2 to 200 and preferatile at approximately 4 to 100, the electron donor/titanium ratio (molar ratio) to be 
approximately 0.01 to 100 and preferable at approximately 0.02 to 10. and the magnesium/titanium ratio (atomic ratio) 
to be approximately 1 to 100 and preferable at approximately 2 to 50. 

[0086] In the present invention, an organometallic compound (b) is used as a catalyst along with ttie solid titanium 
catalyst component (a) described above. As this organometallic compound, a compound that contains a metal selected 
from among groups 1 to III of tiie periodic table is preferabia Specific examples include the following organic aluminum 
compounds, complex alkylates of a group I metal and aluminum, and organometallic compounds of a group II metal. 

(b-1) Organic aluminum compounds of the general formula, R^mAI{OR^nHpXq (wherein R"* and R^ are hydrocar- 
bon groups which may be the same as or different from each other, with each norn^ly containing 1 to 1 5 and pref- 
erably 1 to 4 carbon atoms, X Indicates a halogen atom, m is a number that satisfies 0 < m ^ 3. n is number that 
satisfies 0 ^ n < 3. p is a number that satisfies 0^p<3, qisa number that satisfies 0 ^ q < 3. and 
m + n + p + qssS). 

(b-2) Complex alkylates, conprising a group 1 metal and aluminum and having the general formula. M^AIR^ 
(wherein is Li. Na. or K and R^ is the same as the above). 

(b-3) Dialkylates. comprising a group II or group III metal and having tiie general formula, R^R^M^ (wherein and 
R^ are the same as the above and is Mg. Zn. or Cd). 

[0087] Examples of organic aluminum compounds belonging to (b-l) descn'bed above include: 

compounds of the fbrmula, 

Ri„Al(OR2)3.„ 

(wherein and R^ are the same as the above and m is a number that preferably satisfies 1 .5 ^ m ^ 3); 
compounds of the formula. 
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(wherein is the same as the above. X is a halogen, and m prefefafaly eatisiies 0 < m< 3); 
compounds oi the formula, 

m 

(wherein is the same as the above and m preferably satisfies 2 ^ m < 3): and 
compounds of the fonnula, 

R'mAI(0R2)^ 

(wherein and R^arethesameas the abo^e.Xisa halogen, 0<m^3,0^n<3.0^q<3.and m-f n^-q s3). 

[0088] Specific examples of aluminum compounds of (b-1) include trialkytaluminums. such as trieihylaluminum, trtb- 

utyf aluminum, etc.; trialkenylaluminums, such as triisoprenylaluminum, eta; 

dialkylaluminum alkoxides. such as diethylatuminum ethoxide. dibutyfaluminum butoxide. eta; 

alkylaluminum sequialkoxides, such as ethytafuntinum sesqutethoxide. butytatuminum sesquibutoocidei eta; 

partially alkoxytated alkylaiuminunts with an average con^position expressed by R^2.sAI(OR^o.5« ^* 

dialkylaluminum halldes. such as diethylaluminum chloride, dibutyfaluminum chloride, diethylahimmum bromide, etc.; 

partially halogenated alkylaluminums. including alkylaluminum sesquihaiides. such as ethylaiuminum sesquichloride. 

butylaluminum sequichloride, ethylaiuminum sesquibromtde, etc.; and alkylaluminum dihalides. such as ethylaiuminum 

dichloride, propylaluminum dichloride, butylaluminum dibromide. etc.; 

dialkylaluminum hydrides, such as diethylaluminum hydride, dibutyfaluminum hydride, etc.; 

alkylaluminum dif^rldes, such as ethylaiuminum dihydride, propylaluminum dihydride. etc.. and other partially hydro- 

genated alkylaluntinunfts: and 

partially alkoxylated and halogenated alkylaluminums, such as ethylaiuminum ethoxychloride. butylaluminum butoxy- 
chloride. ethylaiuminum ethoxybromide. etc. 

[0089] Also, organic atuninum compounds In which two a rnore aluminum atoms are bonded via an oxygen atom or 
nitrogen atom can be given as conpounds similar to (b-l). Examples of such compounds include 
(C2H5)2A10A1(C2H5)2. (C4H9)2A!OAI(C4H9)2. (C2Hs)2AIN(C2H5)AI(C2Hs)2. and aluminoxanes. such as methytalumi- 
noxane. 

[0090] Exanples of the above-described compounds of (b-2} include 

LjAI(C2H5)4. 
UAI(C7Hi5)4.eta 

[0091] Among ttiese. organic aluminum compounds, eqsecially trialkytaluminums are favorable. 
[0092] Two or more of organometallic compounds of (b) can be used in combination. 

[0093] In addition to ttie above*described titanium catalyst component (a) and organometallic compound (b) used as 
catalysts, an organosilicon compound (c-1] or a compound having two or more ether bonds having a plurality of atoms 
interposed in between (c-2) is used as an electron donor In the present invention. 
[0094] The organosilicon compounds (c-1 ) used in the present invention are of tfie following formula. 

R%Si(ORVn (0 

[0095] In the above formula, n Is 1 . 2, or 3, each of the R^'s Is a secondary or tertiary hydrocartxjn group when n is 
1 . at least one of the R^'s is a secondary or tertiary hydrocarbon group when n is 2 or 3. tfie R^'s may be the same as 
or different from each other, each of ttie F^s is a hydrocarbon group of 1 to 4 carbon atoms, and the R^s may be the 
same as or different from each ottier when 4-n is 2 or 3. 

[0096] Examples of the secondary or tertiary hydrocarbon group in the organosttioon compound (c*1 ) of formula (i) 
include cyclopenlyl groups, cydopentenyl groups, cyclopentadtenyl groups, such groups with a substituent and hydro- 
carbon groups in which the cartx)n acQacent the Si is a secondary or tertiary cart>on. 

[0097] Specif tc examples of substituted cydopentyl groups include cydopentyf groups with an alkyi group, such as 
the 2-methylcyclopentyl group, 3-methylcydopenty1 group, 2-ethytcydopentyl group, 2-n-butylcyctopentyl group, 2.3- 
dimethylcyclopentyl group, 2.4-dimethyfcydopentyl group. 2.5-dlmethylcydopentyl group. 2,3-diethylcydopentyl group, 
2.3,4-trimethylcydopBntyt group. 2.3.5-trimethylcydopentyt group. 2.3.4-triethylcydopentyl group, tetramethylcy- 
dopentyl group, tetraetf^cyclopentyl group, etc. 
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(0098] Examples of substituted cydcpentenyl groups include cydopentenyl groups with an alkyl group, such as the 
2-methyteyclopentenyl grouft 3-methyicyclcpenleny1 group. 2-e1hylcydopenteny1 group, 2-n^)utyIcydopentenyl group, 
2,3-dimethylcyclop8ntenyl groip, 2,4-dimethylcydopentenyl group, 2,5-dimethylcyd<^ntenyl group. 2,3.4-trimeihylcy- 
dopentenyl group. 2.3.5-tnm8thyIcyclopentenyl group. 2.3,4:triethytcydop8ntenyl group, tetramethylcydopenter^ 
group, tetraethyfcydopentenyl group, etc. 

(0099] Examples of substituted cydopentadienyl groups indude cydopentadienyl groups with an alkyl groupi such as 
the 2-m8thylcydopentadienyl group, 3-m8thylcydopentadlenyl group. 2-ethyIcydopentariienyl group, 2-n-butytey- 
dopentadienyl group. 2.3-dimethylcydopentadieny1 groups 2.4-dimethylcyclcpentadieny1 group. 2.5^lmethy1cydopen' 
tadienyl group. 2.3<dielhylcyclopentadienyl group, 2.3.4-trimethylcydop8ntadieny1 group, 2,3.5- 
trimethylcyclopentadienyt group. 2.3.4-trlethylcydopentadienyl group. 2,3.4,5'tetramethytcyclopentadienyl group. 
2.3.4.5-tetraethylcydopentadleny1 group. 1.2.3.4,5-pentamethylcydcpentadienyl group, 1.2,3.4.5-pentaethylcydopen- 
tadienyl group, etc. 

[01 00] Examples of hydrocarbon groups in which the carbon adjacent Si is a secondary carbon indude i-propyl group, 
s-butyl group, s-amyl group, a-methylberuyl group, etc., and examples of hydrocarbon groups in which the cartxvi adja- 
cent Si is a tertiary carbon include t-butyl group, t-amyl group, a, a*-<fimethylbenzy1 group, adamantyl group, etc. 
[0101] Examples of organosillcon compounds (C>1) of formula (1) In which n is 1 Indude trialkoxysilanes, such as 
cydopentyltrimethoxysilane, 2-methylcydopentyttrimethoxysilane; 2.3-dimethylcydopentyltrimethoxysilane. 
cydopentyHriethoxysilane, iso^sutyltriethoxysilane. t-butyttriethoxysilane, cyclohexyltrlmethoxysnane. cyclohexyltri- 
ethoxysilane, 2-norbornanetrlmethoxysilane, 2-nofbornanetri6thoxysilane, etc. 

[0102] Examples in which n is 2 indude dialkoxysilanes, such as dicydopentykiethoxysilane. t-butylmethyldimethox- 

ysilane, t-butylmethyUiethoxysilane, t-amylmethyldiethoxysilane, dicyclohexyldimethoxysilane. cyclohexytmethyld- 
imethoxysilane. cydohexylmethyldiethoxysilane. 2-nortx)manemethyldimethQxysilane. etc.. and dimethoxy conpcunds 
of the fdlowing formula GO 



Si 



OCH, 



OCHi 



(ii) 



[0103] In the above formula, each of R'' and R'^ is each independently a cydopentyl ^oup, substituted cyclopentyl 
group, cydopentenyl group, substituted cydopentenyl group, cydopentadienyl group, substituted cydopentadienyl 
group, or a hydrocaibon group in which the carbon adjacent the Si is a secondary or tertiary carbon. 
[01 04] Examples of such dimethoxy compounds of tomuila (u) indude 



dicydopentyldimethoxysilane. 

dicyclopentenyldimethoxysilane. 

dicyclopentadenyldimethoxysilane, 

di-t-butyldim ethoxysilanek 

di(2-methylcydopentyOdimethoxysilane. 

di(3-methyIcyclopentyl}dimethoxysilane, 

di(2-athylcydopentyl]dimethoxysilane. 

di(2.3-dimethylcyclopentyl)dimethoxysilane, 

di(2,4'dimethyIcyclopentyl)dimethoxysilane, 

di(2.5-dimethylcyclopentyl)dim8thoxysilane. 

di(2.3-diethylcyclopentyl)dimethQxysilane. 

di(2.3.4-trimethyicydopentyl)dimethoxy6iiane. 

di(2,3,5-trimethylcydopentyl)dimethoxysilane, 

di(2,3,4-triethylcydopentyI)dim6thoxysnane. 

di(tetramethylcydop8ntyl)dimethoxysilane. 

di(tetraethy!cydopentyl)dimethoxysilane. 

di(2-methylcyclopentenyl]dlmethoxy5ilane. 

di(3-methylcydopentenyl)dimethoxys{lane. 

di(2-ethytcydopentenyl)dimelhoxysilane. 
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di(2<n-butylcyclopentenyl)dimethQxy8ilane. 

di[2.3-dimethytcyctopentenyl)dimethQxy8nane, 

di(2,4<iimethylcyclop8nt8nyi)dim8thaxysflane, 

di{2.5<iimethylcyclopentenyt)dlmethQxysnane, 

di{2.3>-tnmethylcydopemeriyI)dimethoxysjl^ 

di(2.3.5-tnm8thylcyclopertteri)^ 

di{2.3.4-triethylcyclopenteny1)dimethoxysrIane. 

di(tetram8thylcydopemenyl)dirnethoxysilane, 

di(tetraethylcyclopenteny))dimethoxysilane. 

di(2-methylcycloperTtadienyOdimethoxysilane, 

di{3-fnettiylcycIopentadienyl]dimethQxysilane, 

di(2-6ttiylcyclop8ntadieriyl)dim8thQxysilane. 

di(2-n4nitylcyclopentenyl)dimethoxysilane, 

di{2»3-dimethylcyclopentadienyl)dimethoxy80ane, 

di(2,4-dimethylcyctopentadienyl)dimethoxysilane, 

di(2.5-dimethy!cyc!opentadierTyI)dimethoxysflane, 

di(2.3-diethylcyclopentadienyl)dimethQxysilane, 

di(2,3.4*trimethytcyclopentadienyl}dimelhQxysilane. 

di(2.3,5-tHmethylcyclopentadienyl}dirnethoxysilane, 

di(2,3.4*tri8thylcyclopentadienyi)dinfiethoxysilane» 

di(2.3.4.5-tetramethylcyd€perTtadienyt)dimethc)Kysilane. 

di(2.3.4.5-tetrH^hylcyclopentadienyi)dimethQxysjlane. 

di(1.2,3,4.5-p8ntamethylcyclopentadi8nyl)dime1hoxy8i)and. 

di[l ,2.3.4.5i>entaethylcydopentadieny1)dimethoxysilane. 

di-t-amyl-dimethoxysilane. 

di[Guo*-dimethyIben2yl}dimethQxysHane. 

di(adamanty1)dtmethoxysilane. 

adamantyl-t-butytdimethQxysi!ane, 

cydopentyl-t-butyidimethoxysilane, 

diisopropyldimethoxysilanQ, 

di-s-butykfimethoxysilane. 

di-s-amytdimethoxysitane. 

isopropyl-8-butyldimethOKy8ilane. etc. 

[01 05] Exainples of compounds of formula (i) in which n is 3 include 

monoalKoxysilanss. such as tricyclopantylmethaxysilane. 

tricyclopentyiethoxysilane. 

dicydopentylmethylmethoxysilane. 

dicydopentylethylmethoxysilane. 

dicydopentylmethylethoxysilane, 

cydopentyldimethylmethoxysilane. 

cydopentyldiethylmethoxysitane, 

cydopentyldimettiylethoxysilane, etc. 

[0106] Among the above, dimethoxysllanes. especially dimethoxysilanes of formula (ii) are preferable, and to be more 
spectiic. dicydopentyldimethoxysilane. di-t-butyldimethoxysilane. di(2-methylcydopentyl)dimethQxysaane. di(3-methyt- 
cyclopentyl)dimethaxysilane, and di-t-amyldimethoxysilane are preferable. 

[0107] Two or more of the abovementioned organosilicon compounds (c-1) may be used in combination. In the com- 
pound used in the present invention having two or more ether bonds between which are interposed a plurality of atoms 
(shall also be referred to hereinafter as *polyether compound'*)(c-2). the atoms that exist between the ether bonds is 
one or more of atom selected from among carbon, silicon, oxygen, sulfur, phosphorus, and t)oron, and the number of 
such atoms is two or mora Preferably, a relatively bulky substituent, or to be more sped! ic. a substituent of two or more 
cartxxi atoms, preferably three or more cart>on atoms with a straight-chain, branched, or cydic structure, preferably a 
branched or cydic structure, is bonded to the atoms between the ether bonds. A conpound is also preferable with 
which a plurality, preferably 3 to 20. preferably still 3 to 10, and preferably still more 3 to 7 caxton atoms are contained 
in the atoms that exist k>etween the two or more ether bonds. 

[01 oq Compounds of the fdiowing formula can be given as examples of such a polyether oonpound. 
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>22 



>f>4l 



>2l- 



c-o-c 



>23 



>2n 



>24 



C-O-C-R 



26 



>25 



[0109] In the above formula, n is an integer that satisfies 2 ^ n ^ 10. each of rMo is a sui>stituent having at (east 
one element selected from among cartson. hydrogen, oxygen, halogen, nitrogen, sidfur. phosphorus, boron, and silicon, 
and any of to R^^, preferably R^ to R^ may jointly form a ring other than the benzene ring and may contain an atom 
other than a carbon atom in the main chain. 
[01 1 0] Specific examples of such potyether compounds Include 



2-(2-ethyIhexyt}-1 .S^imethoxypropane. 
2-isopropyM ,3<dimethoxypropane, 
2-butyl-1 .3<iimethQxypropane, 
2-s-butyI-1 .3-dimethoxypropane. 
2-cyclohexyl-1 , 3-di methoxypropane, 
2-phenyi-1 .3-dimethoxypropane. 
2-cumytO .3-dimethoxypropane, 
2-(2i}henylethyl) -1 .S-dimethoxypropane. 
2-(2-cydohexylethyl)-1 ,3-dtmethoxypropane. 
2-(p-chlorcph€nyl)-1 .3-dlmethoxypropane, 
2 -(diphenyimethyl)-1 . 3-dimethoxypropane, 
2-(1 -naphthyl>-1 ,3-dimethaxypropane. 
2-(2-flurophenyl)-l ,3-dlmethoxypropane, 
2-( 1 <iecahydronaphthyl)- 1 ,3-dimethoxypropane, 
2*(p-t-butylphenyl}-1 ,3-dimethQxypropane, 
2.2-dicyclchexyl-1 .3-dimethoxypropane, 
2,2-dicyclQpentyl-1 ,3-dimethoxypropane, 
2,2<liethyl-1 ,3-dimethoxypropane, 
2.2-d^3ropyi-1 ,3-dimethoxypropane. 
2.2-dii6opropyl-1 ,3-dimethoxypropane. 
2.2-dibutyl-l ,3-dimethQxyprGpane. 
2-methyl-2-propyJ-1 .3-dimethoxypropane. 
2-methyl-2-benzyl-1 .3-dimethQxypropane, 
2-methyl-2-ethyl-1 ,3-dimethoxypropane, 
2-methyl-2-isopropyl-1 .S-dimethoxypropane, 
2*methyl-2-pheny1-1 .3-dimethQxypropane, 
2-methyl-2-cyclohexyl-1 ,3-dimethoxypropane, 
2^-bis(p-chIorophenyl)-1.3<limethQxypropane, 
2,2-bis{2-cyclohexylethyl)-1, 3-dimethoxypropane. 
2-methyi-2-isobutyl-1 .3-dimethoxypropane, 
2-methyl-2-(2-ethyihexyl)-1.3-dimethaxypropane. 
2,2-diisobutyl-1 ,3-dimethoxypropane. 
2.2-diphenyl-t ,3-dimethoxypropane, 
2.2-d3}enzyh1 ,3'dimethQxypropane, 
2,2-bis(cyclohexylmethyO-l .3-dimethoxypropane. 
2.2-diisobutyM .3-diethoxypropane. 
2,2-drt80butyl-1 ,3-dibutoxypropane. 
2-isobutyl-2-isoprcpyl-1 ,3-<fimethoxypropane, 
2-(1 -methyIbutyl)-2HSopropyl- 1 .3-dimetfToxypropane, 
2-(1 HmBthylbutyl)-2-s-butyl-1,3-dimethoxypropane, 
2,2-di-s-butyl- 1 ,3-dimethQxypropane. 
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2.2- di4^tyt-1 .3-dimethoxypropan8. 
2«2-dineopentyl-1 ,3-dIm8thoxypropane. 
2-i60prop/l-2-isc^ntyt>1 ,3-difnethoxypropane. 
2ijhenyl-2HSopropyl-i .3-dimethoxypropane, 
2-phenyl-2-s-butyl'1 .3-dlmethoxypropane. 
2-b6rayl-2-i60propyl-1 .3<fini0thoxypropane. 
2-benzyl-2-s-butyl-1 .3-(fimethQxypropane. 
2-phenyl-2-ben2yl'1 ,3-dlniethoxypropane» 
2-cyclop8rTtyl-2-isopropyJ-1 .S-cfimethoxypropane, 
2K:yc!opentyi-2-s4xrtylO .SKlimethcwypropane, 
2'Cyclohexyt-2Hsopropyt- 1 .S-dimethQxypropane. 
2<yclohexyl'2-s4)utyl-1 ,3-dim8thoxypropan8. 
2HSopropyl-2-s-butyl-1 ,3-dim6thoxyprQpane 

2- cyclohexyh2'Cyclohexylmethyl- 1 .3*dimethaxypropane. 

2.3- diphenyi-1 ,4-diethoxybutane. 
2.3-dicyclohexyl-1 .4-diethoxybutane. 

2.2- dibenzyl-1 ,4-<fiethoxyt)utane. 

2.3- dicyclohexyl-1 ,4-diethoxybutane, 
2.3-diisopropyl-1 .4<fiethoxybutane, 

2.2- bis(p-m8thylphenyl)-1 .4-cfimBthoxybutane. 

2.3- bis(p-chIorophenyl)-1 ,4-dimethoxybutane, 

2.3- bis(pfluorophenyf)-1 ,4'dimethoxybutane. 

2.4- diphenyt- 1 .5-dimethoxypentane» 

2.5- diphenyl-1 ,5Kdimethoxyhexane, 
2.4-diisopropyl-1 .&<fimethQxypentane. 
2.4<liisobutyl-1 .S-dimefhoxypentane. 
2.4-diisoaiTTyl-1 .S^fimethoxypentane, 

3- methoxymethyltBtrahydrofuran, 
3-methoxymelhyldiQxane, 

1 .3-diisobiitoxypropane, 

1 .2- dii80butoxypropane. 
1 .2<fiisobiitoxyethane, 

1 .3'diisoaiTiyloxypropane. 

1 .3- diisoneopentyloxyethane. 
1 .3'dineopentylc3Kypropane. 
2,2-tetramethylene' 1 .3-dimethQxypropane. 

2.2- pentam sthylene- 1 .3-dinri6thoxypropane. 
2.2'hexamethylene-i .S-dimethoxypropane, 
1 ,24M's(methoxymethyl)cyclohexane. 
2.8<iioxa8piro[5,5]undecane. 
3.7-dioxabicyc[o[3.3. 1 ]nonane. 
3.7-dioxabicyclo[3.3.0]octane, 

3.3- dHSObutyi-1 ,5-oxononane, 
6.6<{ii5obutyldioxyheptane» 

1,1 -dimethoxymethytcyclopentane. 
1.1 -bis(diniethQxymethyQcyclohexane, 
1 .1 -bis(methoxymethyl)blcycloI2,2,1]heptane; 
1 J -dimethoxymethylcyclopentane, 
2Hnethy1-2-methoxymethyl-1 ,3-djmethoxypropane, 
2-cyciohexyl-2-ethoxymethyl-1 ,3-diefhoxypropane, 
2-cydohexyl-2-m6thmym8thyl-1,3<iimethaxypropane, 
2,2<lijsobuty]-l ,3-dimethoxycyclohexane. 
2-isoprop/l-2HSoamyl-i .3-dimethoxycyclohexane. 
2-cyclohexyl-2-methoxym8thyl- 1 .3-dim8thaxycyclohQxane, 
2-isopropyl-2-methoxymethyl- 1 ,3'dimethoxycydohexane, 
2-isobutyl-2-methoxymethyl-1.3-dimethoxycycIohe(ane, 
2-cycloh6xy)-2-8thoxymethy1-1 .3<iiethoxycydohexan8, 
2<yctohexyl-2-ethoxymetl^-1 .S-dimethoKycydohexane, 



15 



EP0 903356A1 



2-isopropyl-2-ethoxyme1hyl-1 .3-diefhoxycydah8xane. 

2-isopropy1-2-ethoxymethy1-1 .S-dimethoxycydohexane. 

2-iK*utyl-2-8thaxymetfiyl- 1 .3-dielhaxyc^oh8xane, 

2-isobutyl-2-ethoxymethyl- 1 ,3-dimethoxycydohexane, 

trls(p'fnethoxyphenyl)phosphine, 

m0thytphenyl-bis(methoxymethyO8ilane, 

diphenyl-bis{methoxymethyl)sitane 

methytcydohexyl-bis(mBthQxymethyQsilane. 

dM-buty1-b(s(m6thoxymethyqsaane. 

cydohexyl*t*butyl-bis(methoxymethyt)silane, 

ii)ropyl-t-txjtyi-bis(methQxymethyl)silane. eta 

[0111] Among the above. I.Miethers are used preferably, and 2.2-diisobutyl-1.3-dimethoxypropane. 2-isoprcpyl-2- 
isopentyl-1.3-dimethoxypropane, 2.2-dicydoh6xyl-1.3^ethoxypropane, and 2.2-bis(cydohexylmethyl)-1.3-dImeth- 
oxypropane are used especially preferably. 

[01 12] Two or more of ttie above potyether compounds (c-2) may be used in combination. 

[0113] In the present invention, an organosOicon compound (c-1) and a polyether compound (C'2) mentioned above 

can be used in combination as the eledron donor (c). 

[0114] Furthermore. organosOicon compounds of the following formula niay also be used in combination. 

RnSi(0Rl4^ 

(In the above formjia. R and R' are hydrocartx)n groups, 0 < n < 4, and organosilicon compounds indicated by this for- 
mula do not indude organosilicon compounds (c-1) of formula (i) given above.) 

[01 1 5] Specific examples indude trimethylmethoxysHane. trimethylethoxysilane. dlmethyldimethoxysilane, dimethyl- 
diethoxysilane. dusopropyldimethaxysilane. diphenykfimethoxysilane. phenylmethyldimethoxysflana. diphenyldiethox* 
ystlane, bis-o-tolyldimethoxysilane, bis-m-tolyUim^haxysitane. bis-p-tolytdimethoxysllane. bis-p-tolytdiethoxysilane. 
bis-ethylphenyldmethoxysilane. ethyttrimethoxysnane, ethyttriethoxysilane. vlnyttrimethoxysilane. methyttrimethoxysi- 
lane, n-propyttriethoxysilane. decyltrimethoxysilane. decyitriethoxysilane. phenyHrimethoxysitane, y-chloropropyltri- 
methoxysilane. methyltrielhoxy&ilane, ethyltriethoxysilane, vinyitriethoxysilane. n-butyttriethoxysilane. 
phenyitriethoxysilane. y-aminopropyltriethoxystlane. chlorotriethoxysilane. ethyltriisopropoxysilane. vtnyltributoxysilane. 
trimethylphenoxysilane, methyftrlallytoxysilane. vlnyt-tris(p-methoxyethoxysilane). vinyltriacetoxysilane, etc. 
[01 16] Ethyl silicate, butyl silicate, dimethyttetraethoxydisiloxane, etc., may also be used. 
[01 17} In the present invention, prepoiymerlzation can be performed in advance in the process of produdng aystal- 
line polypropylene using a catalyst comprised of the abovementioned solid titanium catalyst (a), organometallic com- 
pound (b). and electron donor (c). 

[01 18] In the prepolymerization process, an olefin is polymerized in the presence of soGd titanium catalyst (a), orga- 
nometallic compound (b) and optionally electron donor (c). 

[0119] As the olefin to be prepolymerized, straight chain olefins, such as ethylene, propylene. 1-butene, 1-octene. 1- 
hexadecene. 1-eicocene, etc.. and olefins with a branched strudure. such as 3-methyl-l-butene. 3-methy1-1 -pentene. 
3-ethyl-l-pentene, 4-methyM -pentene. 4-methyM-hexene. 4.4-dimethyl-1-hexene, 4,4-dimethyl-i -pentene, 4-ethyI-l- 
hexene, 3-ethyl-l-hexene, allylnaphthalene. allylnorbornane, styrene. dimethylstyrenes. vinylnaphthalenes. allyltol- 
uenes. allylbenzene, vinylcyclohexane. vinylcyclopentane. vinytcydoheptane, allyltrialkylsilanes, etc.. may be used and 
these may also be copdymerized. 

[0120] Among the above, 3-methyl-l-butene. 3-methyl-l -pentene, 3-ethyl-1-hexene, vinylcydohexane, altyhrimethyl* 
sitane. dimethylstyrene are espedally preferred for usa 

[01 21] h is espedally preferable to use the catalyst with which 3-methyl-1 -butane is prepolymerized since the poly- 
propylene that is produced will be high in rigidity. 

[01 22] H is desirable to perform the prepdymerization so that approximately 0. 1 to 1 0OOg, preferably at approximately 
0.3 to 500g of polymer wiO be produced per 1g of solid titanium catalyst component (a). 

[01 23] If the prepolymerization quantity is too large, the production efficiency of the (oo}polymer in the main polymer- 
ization may drop and f ish-eye may terxt to occur easily in films, etc., fonmed from the (co}polymer obtained. 
[01 24] In the prepdymerization process, the catalyst can be used at a considerably higher concentration than the cat- 
alyst concentration in the system for the main polymerization. 

[0125] it is usually desirable for the solid titanium catalyst component (a) to be used at a concentration in terms of 
titanium atoms per 1 liter of polymerization volume of approximately 0.01 to 200 millimoles. preferably at approxinrtatety 
0.05 to 100 mUlimoles. 

[01 26] It is usually desirable for the organometallic compound (b) to be used at an amount of appioximately 0.1 to 100 
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miltimoies, preferably at approximately 0.5 to 50 mitlimotes per 1 inole of titartium atom in the solid titanium catalyst 
component (a). 

[0127] Although the electron donor (c) may or may not be used in the prepolymerization. it can be used at an amount 
of 0.1 to 50 mOlimoles. preferably 0.5 to 30 miliimoles, and preferably still at 1 to 10 mHimoles per 1 mole of titanium 
atom in the solid titanium catalyst oonponent (a). 

[0128] It is preferable to perform the prepolymeriiation under nnld conditions and by adding the oleTm to be prepo- 
lymerized and the abovementioned catalyst to an inert hydrocarbon medium. 

[0129] Examples of the inert hydrocarbon medium include aliphatic hydrocarbons, such as propane, butane, pentane. 
hexane, heptane, octane, decane. dodecane. kerosene, etc.; alicydic hydrocartx>ns, such as cydopentane. cydohex- 
ane. methytcyclopenlane. etc.; aromatic hydrocart)ons, such as benzene, toluene, xylene, etc.; haJogenated hydrocar- 
bons, such as ethylene chloride, chlorobenzene. etc.; and mixtures of the above hydrocartxsns. It is especially 
preferable to use an al9>hatic hydrocarfcxxi. 

[0130] The prepolymerization temperature may be a temperature at which the prepolymer that is produced will not 
dissolve in practical terms in the inert hydrocarbon medium and is usually set to -20 to -i-IOO^C. preferably -20 to •^80*'C. 
and preferably still at 0 to -i40''C. 

[0131] The prepolymerization may be carried out by the batch method, continuous method, etc. 

[0132] Hydrogen, etc.. may be used in the prepolymenzation process to adjust the molecular weight 

[0133] In the present invention, it is desirable to use the solid titanium catalyst component (a) (or the prepolymer cat- 

alyst) at an amount of approximately 0.0001 to 50 miliimoles, preferable at epproxinutety 0.00 1 to 1 0 mifllmoles in terms 

of titanium atoms per 1 liter of polymerization volume. 

[0134] It is desirable to use the organometallic compound (b) at an amount of approximately 1 to 2000 moles, prefer- 
able at approximately 2 to 500 moles in terms of metal atom per 1 mole of titanium atom in the polymerization system. 
It is desirable to use the electron donor (c) at an amount of approximately 0.0001 to 50 moles, preferable at approxi- 
mately 0.01 to 20 mdes per 1 mole of metal atom in the organometallic compound (b). 

[0135] In multiple^ge pdymerization cf polypropylene using the catalyst described at)Ove; the propylene may be 
copdymerized with a different monomer mentioned above in any stage or in all stages as long as the objects of the 
present invention are not spoiled. 

[0136] In the present invention, it is preferable to polymerize the propylene in multiple stages and it Is preferable to 
produce crystalline polypropylene of different molecular weight in each staga For example, if the polymerization of pro- 
pylene is to be performed in two stages, crystalline polypropylene of an intrinsic viscosity (i^ist) of 8 to 20dl/g, preferably 
8.5 to 1 5dl/g can be produced in the first stage at an amount corresponding to 0 .5 to 1 5wt% of the finally otTtained crys- 
talline polypropylene, and then aystalllne polypropylene of an intrinsic viscosity (nand) of 0.8 to 4.0dl/g can be produced 
in the second stage at an amount con'esponding to 99.5 to 85wt.% of the f inally obtained crystalline polypropylene. 
[0137] Also for example, if the polymerization of propylene is to be performed in three stages, aystalline pdypropyt* 
ene of an intrinsic viscosity (t)^ gt) of 8 to 20dl/g. preferably 8.5 to 1 5dl/g can be produced in the first stage at an amount 
corresponding to 0.5 to I5wt.% of the finally obtained crystalline polypropylene, and crystalline polypropylene of an 
intrinsic viscosity (Ti^nd) of 3 to 1 0dl/g. preferably 4 to 9dl/g can then be produced in the second stage at an amount cor- 
responding to 0.5 to 30wt.% of the finally obtained crystalline polypropylene, and then aystalline polypropylene of an 
intrinsic viscosity {t\^t<il of 0.8 to 4.0dl/g. preferably 0.8 to 3.0dl/g can be produced in the third stage at an amount cor- 
responding to 99 to 55wt% of the finally obtained crystaDine polypropylene. 
[0138] In this process, it is preferable that an inequality 

{((Tl ut) + (n zr^m • 1 ^ (Ti 2«,) s ttln lei) + l^2tn))^) + 1 

be satisfied. 

[0139] In each of the abovementioned stages, propylene is homopolymerized or propylene and another monomer are 
copolymerized to pnx:luce crystalline polypropylene, and it is desirable to produce a crystalline polypropylene that con- 
tains units derived from propylene at an amount of more than 90 mde %. preferably 95 to 100 mole % in each stage. 
[0140] Though the order of the abovementioned stages is not specified in particular and the polymerization may be 
carried in an order that differs from those given above, the above orders are preferat)le. 

[0141] The molecular weight of crystalline pdypropylene obtained in each stage can be adjusted for example by 
changing the amount of hydrogen supplied to the polymerization system. 

[0142] In the present invention, just the high molecular weight components of the crystalline polypropylene obtained 
by the above<iescribed polymerization may be taken out and used as the crystalline polypropylene. The high molecular 
weight components of the crystalline polypropylene can be obtained as the components of the crystalline pdypropylene 
obtained by polymerization that are Insoluble in 85 to 125'>C decane, or to be more specific, as components that are 
predpitated at 85 to 125^0 Mpon dissolving sakl polypropylene and are then collected by hot filtration, etc. The chip con- 
tact method, etc.. using seed polymer (chips) may be used for the precipitation of these conponents. In the chip contact 
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method, the precipitation temperature of the high molecular weight ccnponante does not necessarily have to be eat to 
the abovementioned temperature range. 

[0143] \n the present Invention, in addition to the process of production of the crystalline polypropylene components 
by the atove-desabed rmjltlple-stage polynrterization. a process of cepolymerization of propylene and ethylene may be 
further carried out to form a propylene/ethylene copolymer mbber component and ther^ produce the aystalline poly- 
propylene of the present invention as a propylene block copolymer. 

[0144] The polymerization may be carried out tyy a gas phase polymerization method or a liquid phase polymerization 
method, such as the solution polymerization method and suspension polymerization method, and a different method 
may be employed in each of the stages d^aibed abova The polymerization may also be carried out by any of the 
batchwise. semi-continuous, and continuous methods, and each of the above^iesaibed stages may k>e canied out in 
a plurality of polymerizers. for example, two to ten polymerizers. 

[0145] An inert hydrocarbon may be used as the polymerization medium and liquid propylene may also be used as 
the polymerization medium. 

[0146] With regard to the polymerization conditions of each stage, the potymoization temperature is suit^y selected 
to be in the range of approximately -50 to 200''C. preferably at approximately 20 to lOO'^C, and the polymerization pres- 
sure is suitably selected to be in the range of normal pressure to lOOkg/cm^. preferably at approximately 2 to SOkg/cm^. 
[0147] In the polymerization process, K is desirable for the above-desaibed solid titanium catalyst conponent (a) (or 
the prepotymer catalysQ to be used at a concentration in terms of titanium atoms per lliter of polymerization volume of 
approximately 0.0001 to 50 mfllimoles, preferably at approximately 0.001 to 10 millimoles. 
[01 48] It Is desirable for the organometallic compound (b) to be used at an amount corresponding to approximately 1 
to 2000 mniimoles. preferably at approximately 2 to 500 millimoles in terms of metal atom per 1 mole of titanium atom 
In solid titanium catalyst componem (a). It is desirable for the electron donor (c) to be used at an antount of approod- 
mateiy 0.001 to 50 millimoles. preferably at approximately 0.01 to 20 millimoles per 1 mole of metal atom in organome- 
tallic compound (b). 

[0149] If a prepolymer catalyst has been used, the solid titanium catalyst oonponent (a) and organometalGc com- 
pound. (b) may be audded anew as necessary. The organometallic compound (b) used in prepolymerization and that 
used in main polymerization may be the same as or different from each other. 

[0150] The electron donor (c) is used in at least one of either the prepolymerization process or the main polymeriza- 
tion process, and. for example. It Is used in only the main polymerization process or in both the prepolymerization and 
main polymerization processes. The electron donor (c) used In prepolymerization and that used in the main polymeri- 
zation may be the same as or different from each other. 

[01 51 ] The respective catalyst components described above do not have to be added anew in each of the processes 
that are carried out subsequently but may also be added as suitable. 

[0152] When the catalyst desalbed above is used, the degree of crystallization or the stereoregularity index of the 
polypropylene that is obtained will not be lowered and the catalyst activity v^ll not be lowered even when hydrogen is 
used in the polymerization process. 

[0153] In the present invention, since polypropylene can be produced at a high yield per unit quantity of the solid tita- 
nium catalyst corrponent. the amount of the catalyst, and in particular the halogen content in the polypropylene can be 
reduced in a relative manner. The operation of removing the catalyst in tiie polypropylene can thus be omitted and rust- 
ing of the die will be unlikely to occur in the process of molding a molded product using tiie polypropylene obtained. 
[01 54] The crystalline polypropylene of the present Invention may also be obtained by blending two or more types of 
crystalline polypropylenes of different an Intrinsic viscosity {r\) produced using the above-descnl>ed catalyst for produc- 
tion of highly stereoregular polypropylena For exanple. ttie aystalline polypropylene may be obtained by blending 0.5 
to 15wL% of crystalline polypropylene having an intrinsic viscosity (n) of 8 to 20dl/g with 99.5 to 85wt.% of crystalline 
polypropylene of an intrireic viscosity (n) of 0.8 to 4.0dl/g. 

Polypropylene Composftion 

[01 55] The polypropylene conrposition of the present invention is comprised of components soluble in 1 40^0 decane 
and optionally components insoluble in 1 40^C decane and tiie components soluble in 1 40''C decane that are also com- 
ponents insoluble in 64**C decane are comprised of the crystalline polypropylene tiiat satisfies the characteristics (1) to 
(4) given above. 

[0156] The polypropylene composition of the present invention simply has to contain the aystalline polyprof^ene 
desaibed above and components besides said aystalline polypropylene are not specified in particular. 
[01 57] The components soluble in 1 40''C decane that are also components insoluble in 64*^0 decane of the polypro- 
pylene composition are components that remain after eliminating inorganic fiOer and other components insoluble in 
140<'C decane from the polypropylene composition, in other words, the components which precipitate at 64'*C upon* 
separation of the components soluble in 140<*C decane by decane as was done with the aystalline polypropylene 
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deserved abova 

[0158] The elimination of components insoluble In 140"C decane from the polypropylene composition is carried out 

as follows. 

10159] 300mJ of decane. 500cc of glass beads, and approodmatety 2g of sample (polypropylene composition) are 
5 placed in a transparent flask set inside a constant temperature bath. Stirring is then performed whDe healing the con- 
stant temperature bath to approximately 146*C to dissolve the sample (the sample solution becomes turbid at first). 
10160] When the sample solution becomes transparent the decane solution, in which the polypropylene is dissohred. 
is transferred to a beaker of 1 liter while perfbnning vacuum suction on said bea)«er to separate the components soluble 
at 140*^0 from the components insoluble at lACC. (if the sample solution that has been transferred to the beaker is 
10 colored at this time, the solution is returned to the flask, glass beads are added as necessary, and the solution is 
reheated to approximately 146**C and stirred to dissolve the sampla) 

[0161] Then in order to separate the components soluble at 1 40^C, the decane solution in the beaker from which the 
components insoluble in 140^0 decane have been removed in the ak>ove manner is combined with the wash liquid 
resulting from washing the interior of the f bsk by adding ISOml of decana 
15 [0162] It is desirable for the polypropylene composition of the present Invention to contain 70wt% or more of the com- 
ponents soluble in 140^0 decane. 

[0163] It is desirable for the above-described crystalline polypropylene (components insoluble in 64''C decane) to be 
contained in said components soluble in 140°C decane at an amount of 60wt.% or more, preferably 65 to 100wrL%. 
[0164] In addition to the crystalline polypropylene described above, the polypropylene confsosition may specifically 
20 contain, for example, aibber conponents. additives, other polymers, inorganic fOlers. etc.. as other conponents. 

[0165] Of said othe* components, inorganic compounds, such as the inorgank: filler are usually the components of 
the polypropylene compositk3n that are insoluble in 140^0 decane while the organic compounds are usually the com- 
ponents of the polypropylene composition that are soluble in 140''C decana 

[0166] The polypropylene composition of the present invention may contain rubber components for improving the 
25 impact strength, and it is desiratsle that this rubber component is an ethylene^a-otefin copolymer and/or a styrene copol- 
ymer. 

[0167] Such a rubber component Is a component of the polypropylene composition that is soluble in 140^0 decane 
and that is also a component that Is soluble in 64'>C decane. Normally included among said components soluble in 64''C 
decane are components soluble in 64^C decane of the aystalline polypropylene itself (atatic polypropylene compo- 
se nents and/or copolymer rubber components). 

[0168] It is desirable that the ethylene/a-ol^in copolymer is a random copolymer of ethylene and an a-olefin of 3 to 
20 cartjon atoms and to be an elastomer-like substance. 

[0169] It is desirable that the ethyiene/a-olefin copolymer contains 25 to 90 mole % of units derived from ethylene and 
10 to 75 mole % of units derived from an a-olefin of 3 to 10 carbon atoms. 
35 [0170] Examples of such a-olef ins include propylene, 1 -butene. 1-pentene, 1-hexene, 1-heptene, 1-octene. 1-decene, 
1-dodecene. 1-hexadodecene. 4-methyI-1-pentene, etc. 
[01 71 ] Among the above, a-olefins of 4 to 1 0 cartoon atoms are preferabia 

[0172] The ethytene/a-olefin copolymer may also contain units derived from other polymerizable monomers as nec- 
essary and to the extent that will not spoil the characteristics of the present invention. 

40 [0173] Examples of such other polymerizable monomers include vinyl compounds, such as styrena vinylcyclopen- 
tene. vinyicydohexane. vinylnorbornane. etc.; vinyl esters, such as vinyl acetate: unsaturated organic ackis and deriv- 
atives thereof, such as maleic anhydrida etc.; conjugated dienes; and non-conjugated polyenes, such as 1,4- 
hexadiene. 1.6-octadiena 2-methyl-1.5-haxadiene. 6-methyl-1.5-heptadiena 7-methyl-1.6-octadiena dicydopentadi- 
ene. cyctohexadiene, dicyck)OCtadiene, methylene noftx)rnene, 5-vinylnorbornene, 5-ethylidene-2-norbornene. 5- 

45 methylene-2-nortx)mena 5HSopropylidine'2'nort}omene. 6-chloromethyl -5-isopropenyl-2-norbornena 2,3-diisopropyli- 
dene-5-norbornene. 2-ethyBdene-3-isopropylidene-5-nort)ornene. 2-propenyl-2.2-norbornadiene. etc. 
[0174] The ethylene/a-olefin copolymer may contain 10 mole % or less, preferably 5 nwle % or less, and preferably 
still 3 mole % or less of the units derived from such other polymerizable monomers. 

[01 75] The ethytene/a-olef in copolymer may contain two or more types of units derived from a<olef ins of 3 to 20 car- 
50 bon atoms and may also contain two or more types of units derived from other polymerizable nwnomera 

[0176] It is desirable that the density of such an ethylene/a-olefin copolymer is 0.850 to 0.895g/cm^. preferably 0.855 
to0.890g/cni3. 

[0177] It is desirable that the melt flow rate (MFR: ASTM D1238: 190''C. under a load of 2. 16kg) of the ethylene/a- 
olefin copolymer is 0.01 to 100g/10 minutes, preferably 0.05 to 50g/10 minutes. 
55 [0178] It is preferable that the ethylene/a-olef in copolymer has an intrinsic viscosity (ii) (measured in 135°C decalin) 
of 1 to 5dl/g. a glass transition temperature Tg of -SOX or less, and a density of 0.850 to Q.900glonrP. 
[0179] Specific examples of such an ethylene/a-olefin copolymer include ethylene/propylene random copolymer, eth- 
ylene/1 -butene random copolymer. ethylene/k)ropylene/1-butene random copolymer, ethylene/ipmpylene/etfiylidene- 
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norbornene random copolymer, ethylene/1 -hexene random copolymer, ethylene/l-octene random copolymer, etc.. 
Among these, the ethytene^mpylene random copolymer, ethylene/1 -butene random copolymer, and ethylene/1 -octane 
random copolymer can be used especially preferably and two or more of these may be used in oombtnatlon. 
[0180] The ethylene/a-defin copolymer may be produced by a conventionally known method using a vanadium cat- 
alyst titanium catalyst, or metallocene catalyst, etc. The above-described ethylene/a-deftn copolymer is excellent in 
conrpatSnTity with the above-desaibed pdypropytena. and a polypropylene conposition with excellent inrpact resist- 
ance and excellent fluidity as well as excelent rigidity can be formed from these components. 
[0181] It is desirable that the styrene copolymer is a styrene block copolymer comprsed of block polymer units 
derived from an aromatic vinyl and block polymer units derived from a conjugated diene. 

[0182] ^ecific exanples of aromatic vinyls that form th's styrene copolymer include styrene. a-methylstyrene, 3- 
methylstyrene. p-methyistyrene. 4-propy1styrene. 4-dodecylstyrene. 4'Cyclohexylstyrene. 2-ethyl'4-benzylstyrenei 4- 
(phenylbutyl)styrene. 1-vinylnaphthalene. 2-vinylnaphthalene, etc. Among thesei styrene is preferable. 
[0183] It is desirak)le that the styrene copolymer used In the present Invention contains 5 to 80wt.%. preferably 8 to 
80wt% of aromatic vinyl polymer units. The aromatic vinyl unit content can be measured using the usual methods, such 
as the infrared spectroscopy method. NMR spectroscopy method, etc. 

[0184] Examples of conjugated dienes include butadiene, isoprene, pentadiene, 2.3-dimethyIbutadiene. and combi- 
nations of the atx)ve. Among these, isoprene and combinations of butadiene and i60(7ene are preferable. 
[01 85] In the case where the conjugated diene block polymer unit is formed from butadiene and isoprene, it is prefer- 
able that units derived from isoprene is contained at an antount of 40 mole % or more. 

[0186] The conjugated diene block polymer unit thus comprised of butadiene/isoprene copolymer units may be a ran- 
dom copolymer unit, a block copolymer unit, or a tapered copolymer unit of butadiene and isoprene. 
[0187] In the present invention, all or part of the cartx)n-carbon double bonds in the conjugated diene block polymer 
unit may be hydrogenated. 

[0188] Though the hydrogenation ratio is determined according to the desired heat resistance, weather residence, 
etc., said ratio can be 50% or more, preferably 70% or mora If heat resistance and weather resistance are especially 
required of the resin composition of the present invention, it is preferaUe that the hydrogenation ratio is 80% or more. 
[0189] The form of the styrene block copolymer thus comprised of an aromatic vinyl block polymer unit PO and a con- 
jugated diene block polymer unit (Y) is Indicated for example as X(YX)n or (XY)n [where n is an integer greater than or 
equal tol]. 

[0190] Among the above, copolymers of the form X(YX)n and especially of the form X-Y-X are preferable, and to be 
more specific, polystyrene/polyisoprene (or isoprene/butadiene)/|polystyrene block copolymers are preferable. 
[0191] In such a styrene block copolymer, the aromatic vinyl block units (X), which are hard segments, exist as 
crosslinkage points for the corrugated diene aibber block units (Y) to form a physical aosslink [domain}. The corru- 
gated diene mbber block unit (Y) that exists between the aromatic vinyl block units PO is a soft segment and has rubber 
elasticity. 

[01 92] The copolymerized diene units of the styrene block copolymer obtained in the above manner are hydrogenated 
as necessary by a known method. 

[0193] Specific examples of styrene copolymers used in the present invention include: 
styrene/isoprene block copolymers (SI) and their hydrogenated forms (SEP). 

styrene/isoprene/styrene block copolymers (SIS) and their fiydrogenated forms (SEPS; polystyrene-polyethyl- 

ene/k^ropytene-polystyrene block copolymers). 

styrene/butadiene copolymers (SB) and their hydrogenated fbnns (SEB), 

styrene/butadlene/styrene block copolymers (SBS) and their hydrogenated fbmis (SEBS; polystyrene-polyethyl- 
ene/butytene-polystyrene copolymer), etc., and to be more specific include HYBRAR (made by Kuraray Ca. Ltd.). 
Kraton (trade name; made by Shell Chemical Ca. Ltd..). Carif lex TR (made by Shell Chemical Co., Ltd.). Solprene 
(made by Phillips Petroleum Co.), Europene SOLT (made ANIC Co.), Tufprene (mads by Asahi Chemical Ca. 
Ltd.). Solprene-T (made by Japan Qastomer Ck).). JSRTR (made by Japan Synttietic Rubber Co.), Oenka STR 
(made by Denki Kagaku Ca), Quintac (made by Nihon Zeon Co.). Kraton G (made by Shell Chemical Co., Ltd.). 
Tuftech (made by Asahi Chemical Co., Ltd.) (All of the above are trade names.), etc. 

[0194] Among the above, SEBS, SEPS, etc. are used preferably. 

[0195] H Is desirable that tiie styrene copolymer used In the present invention nomially has a melt flow rate (MFR: 
ASTM D1238. 200<'C. under load of 2.16kg) of 0.1 to ISOg/IO minutes and an intrinsic viscosity (tO (in 135**C decafin) 
of 0.01 to 10dt/g, preferably 0.08 to 7dl/g. 

(01 96] it is also desirable that the crystallinHy as measured by the X-ray diffraction method is 0 to 1 0%, preferably 0 

to 7%. and preferably stall 0 to 5%. 

[0197] It is desirable that the density is 0.88 to 0.94g^cm^. 



20 



EP0903356A1 



10198] Two or more types ol the abovementioned styrene oopotymers may be used in combination. 

[01 99] Also in the present invention, an ethylene/a<o!efin copolymer and a styrene copolymer may be used in combi* 

natioa 

10200] in preparing the porypropylene composition of the present invention, an abovementioned ethylene/a-oleftn 
copolymer and/or styrene copolymer may be used at an amount of 0 to 70 parts by weight, preferably 0 to 50 parts by 
weight based on 100 parts by weight of crystalline polypropylene. 

[0201 ] Additives that may be contained in the polypropylene composition of the present invention include nucleating 
agents, antioxidants, hydrochloric add absorbents, heatproofing stabilizers, weathering agents, light staUlizers^ ultravi- 
olet absorbing agents, slip agents, anti-blocking agents, anti-togging agents, lubricants, antistatic agents, flan^ retard* 
ants, pigments, dyes, dispersing agents, cupper deactivators, neutralizers. foaming agents, plastidzing agents, anti- 
foaming agents. aosslinWng agents, flow property improving agents, such as peroxides, eta, weld sir&tgth improving 
agents, natural oils, synthetic oils, waxes, etc. 

[0202] ft is especially preferable that the polypropylene composition of the present irvention contains a nucleating 
agent and this nucleating agent may be the abovementioned prepolymer that is contained in the polypropylene. Also, 
various other known nucleating agents nnay be contained and both such nucleating agents and said prepolymer may 
be contained. By containing such nucleating agents, the crystal particles are made fine and the crystallization rate Is 
improved to enable high-speed molding. 

[0203] Although various conventk)na)ly known nucleating agents can be used without restriction as the nucleating 
agent besides the prepolymer. nucleating agents of the following fonfmila can be used prefeiatily in particular. 



(In the above formula, indicates oxygen, sulfur, or a hydrocartxxi group of 1 to 1 0 cart)on atoms, and and may 
be the same as or different from each other of each indicating hydrogen or a hydrocart>on group of 1 to 10 cartx)n 
atoms. The R^'s may be bonded with each other to fomi a ring, the R^'s may be bonded with each other to form a ring, 
and R^ and R^ may be bonded together to fbnn a ring. M indicates a metal atom of valence l to 3 and n is an imeger 
with a value of 1 to 3.) 

[0204] Specific examples include 60dium-2.2*-metfTylene-bi8(4,6-di-t-butytphenyl)phosphala 60dium-2.2'-ethylidene- 
bis(4.6<ji-t-butylpheny!)phosphate, lithium-2.2'-methylene-bis-(4.6-di-t-butyiphefiyOphosphate. lithium-2.2-ethyIidene- 
bis{4.6^i-t-butylphenyl)phosphate. Bodium-2.2*-ethytidene-bis(4-l-propyl-6-t-butylphenyOphosphate, lithium-2.2'-meth- 
ylene-bis(4-methyl-6-t-butytphenyl)phosphate, litiiiunv2,2'-methylene-bis(4-ethyl-6-t-butylphenyt)pho^hate, calcium- 
bis[2,2'-thiobis{4-methyl-6-t-butylphenyl)phosphate]. caIcium-bis[2.2'-tiiiobls(4-ethyl-6-t-butyIphenyl)phosphate], cal- 
cium-bis[2.2'-ihiobis-(4,6-di-t-butylphenyt)phosphate], magnesium-bjs[2.2*-tNobis(4.8-di-t-butylphenyl)phosphate]. 
magnesium-b}S[2.2*-thiobis(4-tH>cty(phenyl}phosphate], sodiunv2.2'-butylidene43is(4.6-di-m6thylphenyl)phosphate, 
sodJum-2.2-butyIidene-bls(4,6-di-t-butylphenyf)phosphate. sodiunfv2.2'-t-octy!methylene-bis(4.6<lj-methylphe- 
nyl)phosphate. 5odiunrv2,2'-t-octyimethylene-bis(4.6<B-t-butylphenyl)phosphatB. calcium-bis(2.2*-methylene-bi5(4.6- 
di-1-butylphenyl)phosphale), magnesium-bisI2.2'-methylene-bis(4,6-di-t-buty1phenyl)phosphate), barium-bis[2,2*-meth- 
ylene-bis(4,6-di-t-buty(phenyl)phosphate], sodium-2.2'-metiiyIene-bis(4-melhyl-€-t-butylphenyl)phosphate, sodium- 
2.2'-methylene-bis(4-ethyl-6-l-butytphenyl)ph06phate. sodium (4.4*-cBmethyl-5.6'<Ji-t-butyl-2.2-blphenyl)phosphate, 
calcium-bis[(4,4'<limethyl-6,6'-di-t-butyl-2,2'-biphenyl)phosphate]. sodium-2,2'-ethylidene-bis(4-m-butyl-6-t-butylphe- 
nyl)phosphate. sodium-2.2'-methyIene*is{4.6-di-methylphenyl)phosphate, sodium-2.2*-methylene4)is(4,6-dl-ethylphe- 
nyljphosphate. potas6ium-2.2'-elhylldene-bis(4.6<Ji-t-butylphenyOphosphale. calcium-bis[2.2*-ethylldene-b«-(4.6-di-t- 
buty!phenyl)phosphateJ. magnesium-bis[2.2'-ethylidene-bis[4,6-di-t-butylphenyl)phosphate], barium-bis[2,2'-€thyii- 
dene-bis(4.6-di.t-butylphenyl)phosphatel. aIuminum-trisI2.2'-methylena4)is(4,6-di-t-biJtyIphenyI)phosphate], alumi- 
num-tris(2.2*-ethylkJene-bis(4.6-di-t-butylphenyl)phosphate. and mixtures of two or more of the above. 
[0205] Among the above, sodium-2.2*-methylene-bis(4.6-di-t-butylphenyl}phosphate is particularly preferabla 
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[0206] (In the above formula, indicates hydrogen or a hydrocartxsn group of 1 to 10 cartm atoms, M indicates a 
metal atom of a valence of 1 to 3. and n indicates an integer of value 1 to 3.) 
[0207] Specific examples include sodium-bis(4-t-butylphenyl)pho6phate, 

80dium-bis(4-methytphenyl)phosphate, 

80dium-bi8(4-ethytphenyl)phosphate, 

Godium-bi5(4-i-propylphenyl)phosphate. 

$odium*bi5(4-t-octytphenyl)phosphate. 

potassium-bi8(4-t4xitylphenyl)phosphate. 

calcium-bi8(4-t'butytphenyOpho&phate, 

magnesjum*bis(4-t-butytpherTyl)phosphate, 

lithium-bis(4-t-buty(phenyl)phosphate. 

aluminum-bi8(4-t-butylphenyl)pho8phate, and mixtures of two or more of the above. 
[0208] Among the above, socfiunrvbls(4-t-butylphenyl)phosphate is prefen^ed. 



[0209] (In the above formula. indicates hydrogen or a hydrocarbon group of 1 to 10 caxbon atoms.) 
[021 0] Specific examples include 1 .3.2,4-dlbenzylidenesorbitol. 

1.3-ben2yjidene-2,4-p-methyIbenzylidenesorbitol, 

1.3-benzytidene-2,4-p-ethyIberuylidene5ort)itol. 

1.3-p*methylbenzy1idene-2.4-benzylidenesorbitol. 

1 .3i}-ethylbenzy!idene'2.4-benzylidenesort3itol, 

1,3-p-methylbenzylidene-2.4-p-ethylbenzylidenesorbitol. 

1.3-P'ethyIbenzyltdene'2,4-p-methylbenzylidenesorbitol, 

1 .3,2,4Kii(p-methylbenzylidene)sorbitol 

1.3.2.4-di(p-ethylbenzyttdene)sorbitol. 

1 .3,2,4^i(p-n-propylbenzylidene)sorbitol. 

1 «3.2,4<li(p-i-propylbenzylidene)8ort»tot. 

1 .3.2.4-di(p-n-butyibenzylidene}sorfoitol, 

1 .3.2.4-di(p-s*i}utyIbenzyndene)sorbitol, 

1 .3,2,4-di(p-t-butyfbenzytidene)sorbitol. 

1.3,2.4<li(2*-4*-dimethy[benzy1idene)sort)itol. 

1 .3.2,4-di(p'methGxybenzylidene)sort)itol. 

1 .3.2,4^i(p-ethoxyt>enzyltdene)soit)itoL 

1 ,3-ben2ylidene-2.4-p-chiorobenzylidenesort)itDl. 




OH 
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1 ,3-p-ch!orobenzyridene-2.4-b8nzylidenesorbitol. 

1 ,3i><Morobenzylidene*2.4-p-rnethylbenzyIidenesoffoit)0^ 

1 ,3-p-chlorobenzylidend-2.4-p-ethyfbenzyfidene80?bitol. 

1.3-p-methylbenzy1idene-2,4-p-chlorobenzylidenesortitoI, 

1 .3-p-ethytbenzylidene-2,4-pHchlorobenzylidenesort}itQl. 

1 ,3.2.4-di{p<;hlorobdnzylidene)8orbitol. and rraxtures of two or more of the above. 

[0211] Among the above, 1,3.2.4-dibenzylidenesorbitol. 1,3,2.4-di(p-methylbenzylidenB)sorbitol, 1,3,2,4-di(p-ethyl- 
benzylidene]sorbitot. 1 .3i>'Chlorobenzyfidene-2.4-p-methylb8nzytidenesorbitol, artd 1,3.2.4-di(p-chlorobenzyli- 
dene)sort)itoI, and mixtures of t»:o or more of these are preferred. 

[0212] The nucleating agems include metal sahs of aromatic carboxylic adds arxi fatty cartxixylic adds, such as alu- 
minum benzoate, aluminum p-t-butylbenzonate, sodium adipate. sodium thiophenecartMxylate, sodium pyrolecartwxy- 
late, etc. Talc and other inorganic compounds mentioned below may also be used as nucleating agents. 
[0213] In preparing the polypropylene conposition, it is desirable to use about 0.001 to 10 parts by weight preferably 
0.01 to 5 parts by weight, and preferably still 0.1 to 3 parts by weight of the abovementioned nucleating agents based 
on 100 parts by weight of polypropylene. 

[0214] Phenol antioxidants, sulfur antioxidants, and pho^orus antioxidants can be used as the antioxidant. 
(021 5] Exanrples of phenol antioxidants include phenols, such as 2,6-di-ten-butyl-p<resoi (3,5-di-tert-butyl-4-hydrox- 
ytoluene), 8tearyt(3.3-dimethyl-4-hydroxyt)enzyt} thioglycolate. stearyl-p-(4-hydrQxy-3.5<li-tert-butylphenol) propionate. 
di6tearyl-3,5-di-tert-butyl-4-hydroxybenzyt phosphonate. 2.4.6-tri6(3\5'<li-tert43utyl-4*4iydrox3^enzyltMo)-1,3,5-trt- 
azine, distearyt (4-hydroxy-3-methyl-5-tert-butyibenzyl) malonate. 2.2'-methylen6-bis(4-mettiyl-6-ten't>utylphenoI), 4,4'- 
methyl ene'bis(2.6-di-tert-butylphenot), 2,2*-methylene4>is[6'(1 •methylcyclohexyl)p-aesoQ, bis(3,5-tts[4-hydroxy-3- 
tert-butylphenyl) butyric add] glycol ester. 4,4'-butylidene-bi6(6-tert-butyl-m-cresoO, 1,1,3-tri6{2-methyl-4-hydroxy-5- 
tert-butyl|phenyl)butane. bis[2-tert^Dulyl-4-methyl-6-{2-hydroxy-3-tert-butyl-5-methylbenzyl)phenyl] terephthalate. 1.3.5- 
trls(2.6^imethyl-3-hydrQxy-4-tert-buty1)benzyl isocyanurale. 1 .3.5-tris(3.5-di-tert-butyl-4-hydroxybenzyl)-2,4.6-trimeth- 
yfbenzene. t6trakisImethylene-3-(3.5<li-tert-butyl-4-hydrc»yphenyl)propi^ 1.3.5-tris(3.&<li'tert-butyl-4- 
hydroxybenzyl) isocyanuratep 1.3.5-tris[(3,5-di-tert-bu^-4-hydroxyphenyl)propionylQxyethyl] Isocyanurate. 2-octytthio- 
4.6-di(4-hydraxy-3.5<li-tert-butyl)phenoxy-1.3.5-triazine. 4.4'-thiobis(6-tert-butyl-m-aesol). etc; and polyphenol oligo- 
caitxmates. such as the oIigocart)onate (of degree o1 polymerization of 2 to 10) of 4.4'-buty1idene-bis(2-tert-butyl-5- 
methylphenol). 

[0216] Examples of sulfur antioxidants indude cfialiiyt thiodipropionates, such as dilauryl-, dimyristyl- and distearyl- 
thiodipropionates. and polyaloohol (for example, glycerine, trimethylolethane. ta'imethylolpropane. pentaerythritol, 
trishydroxyethyl isocyanurate) esters of butyl-, octyl-. lauryl-, stearyl-, and other alkyl thiopropionic add (for example, 
pentaerythritol tetralauryl thiopropionate). 

[0217] Examples of phosphorus antioxidants indude trioctyt phosphite, trilauryl phosphite, tridecyl phosphite, octyl- 
cfiphenyl phosphite. tris(2,4-<Ji-tert-butyIphenyl) phosphite, triphenyl pho^Wle, tris(butoxyethyl) phosphite. tris(nonyt- 
phenyt) phosphite, distearyl pentaerythritol d9)hosphite. tetra(tridecyl)*1.1.3-tris(2-methyl-5-tert-IXftyl-4-hydroxyphe- 
nyl}butane diphosphite, tetra(Ci2 - C^s mixed alkyl)-4.4-isopropytidene diphenyl diphosphite. tetra(tridecyO-4.4'- 
bu^idene bis(3-methyl-&-ten-buiylphenol) diphosphite. trls(3.5Kji-tert-fautyl-4-hydrDxyphenyl) phosphite. trls(mono ^di 
nuxed nonylphenyf) phosphite, l^rogenated-4,4'-i6cpropylidene diphenol polyphosphKe. bis(octylphenyl)*bis[4.4- 
butylidene*bis(3-methyl-6-ten-butylphenol)] • 1 ,6-hexanedol diphosphite. phenyl • 4.4 *isopropylidene diphenol • pen- 
taerythritol diphosphite, bis(2,4'dl-tert-butylphenyl) pentaerythritol d^hosphite, bis(2.6-di-tert-butyl-4-methylphenyl) 
pentaerythritol diphosphite. b'ls[4.4'-isopropylidene-bis(2-tert-butytphend)] phosphite, phenyl •disodecyl phosphite. 
di(nonylphenyl) pentaerythritol diphosphite), tris(l .3-di-stearoytoxyisopropyl) phosphite. 4.4'HSopropylidene^s(2-tBrt- 
butylphenol)*di(nonylphenyl) phosphite, 9.10-di-hydro-9oxa-9-Qxa-10-phosphaphenanthrene-10<oxide. tetrakis(2.4- 
di-tert4)utylphenyl]*4.4'-biphenylene diphosphonite. etc. 

[0218] Other antioxidants that can be used include, G-hydroxycoumarone derivatives, such as a. p. y and 5 tocophe- 
rols and ttieir mixtures, the 2.5-dimetfiyl-substituted form, 2,5.8-trimethyl-substituted form, and 2.5.7,8-tetramethyl-sub- 
st'tuted form of 2-(4-methyl-penta-3-enyl)-6-hydroxycoumarone, 2,2,7-trimethyl-5-tert-butyl-6-hydroxycoumarone. 
2.2.5-trlmethyl-7-ten-butyl-6-hyclroxyooumarone. 2.2.5-trlmethyl-6-tert-butyl-6-hydroxycoumarone. 2.2-dimetiiyl-5-tert- 
butyl-6-hydroxycoumarone. etc. 

[021 9] Furthermore, a double compound of the general formula. MxAly(OH)2x^y.2z(A)z • aH^O (wherein M Is Mq, Ca, 
or Zn. A is an anion other than the hydroxide groupi x, y. and z are positive numbers, and a is 0 or a positive nunrt>er), 
fa example. 

Mg5Al2(OH),6C03'4H20. 
Mg5Al2(OH)i4C03-4H2a 
Mg,oAl2(OH)22(CX)3)2-4HgO. 
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Mg6Al2(0H),6HPO4*4H2a 
Ca5A!2(OH),6CX)3-4H20. 
Zn6Al2{OH),6C03-4H2a 
Zn6Al2(OH),sS04-4H20. 

Mg5Al2(OH)^5S03 • 4H2O. etc., can be contained as the hydrochkmc acid absorbent 

[0220] Examples of light stabilizers include hydroxybenzophenones. such as 2-hydroxy-4-methoxybenzophenone, 2- 
hydrQxy'4-n-octDxybenzophenone-2.2*-di4iydrQxy-4-methQKybenzaf^^ 2.4^ihydroxybenzophene. etc.; benzotri- 
azoles. such as 2-(2*-hydraxy-3''terl-butyl-5'-methy1ph8nyl)-5-chIorobenzotrfeuo!8, 2-(2*-hydfoxy-3\5*-<fi4ert-butylphe- 
nyl)-5-cWorobenzotriazcIe. 2-{2'-hydroxy-5'-methy1phenyl)benzo1riazole. 2-(2*-hydroxy-3\5'<li-tei1- 

aniytpheny1)benzatriazole. etc. ; benzoates. such as phenylsalicylate, p-tert-butylphenytsailcylate, 2.4-dl-ten*buty1phe- 
nyt-3,5-di-tert-butyM-hydraxybenzQate, hexadecyl-3,5<li*tert-butyi-4-hydroxybenzoate. etc.; nickel oonpounds, such 
as tfie Mi salt of 2.?-thtobis(4-tert-octy|phenoO. [2.2'4hiobis(4-tertK)ct)4phenolate)]-n-butylamine Ni. Ni saH of (3.5<fl- 
tert-butyM-hydroxybenzyl) phosphonic add monoethyl ester, etc.; substituted acrylonitrnes. such as methyl a-cyano-p- 
methyl-p>0>methQxyph8nyl) aaylate, etc.; CDcalyldianilides. such as N'-2-ethylpheny1-N-ethoxy-5-tert-butytpheiylQxa)yl- 
diamide, N-2-etfiylphenyt>N'-2-ethoxypheny1oxalyldiamide. etc.: and hindered antine compounds, such as bis(2.2.6,6' 
tmramethyMi^iperidine) sebaceate. poly[((6K1.1.3,3-t^m6thylbutyOimi 

thylpiperidyQiminoHiexamethylene], condensate of 2-(4-hydraxy-2,2,6.6-tetramethyt-1-pipe'idyl)ethanol and dimethyl 
suodnate. etc. 

[0221] Exanples of lubricants include aliphatic hydrocaitxjns. such as paraffin wax. polyethylene wax and polypro- 
pylene wax: higher fatty acids, such as capric acid, lauric add. myrlstic add. palmitic add. margaric acid, stearic add. 
arachidic acid and behenic acid, and metal salts thereof (for example, lithium salt, caldum salt, sodium salt magnesium 
salt, potassium salt); fatty alcohols, such as palmityl alcohol, cetyl alcohol and stearyl alcohol; fatty amides, such as 
capronamide. caprylamide. caprinamide. laurylamide. myristamide. palnvtamide and stearamide; fat and alcohol 
esters: and fluorine compounds, such as fluoroalkylcarbo^c adds and metal salts thereof, metal salts of f bjoroall^- 
sulfonic add, etc. 

[0222] The abo^e additives can be used at an amount of 0.0001 to 10 parts by weight per 1 00 parts by weight of crys- 
talline polypropylene. 

[0223] The polypropylene composition of the present invention may also contain 30wt.% or less of inorganic filler. 
[0224] Specrf ic examples of inorganic fillers include powder f Slers. induding natural silidc adds and silicates, such as 
fine powder talc, kaolinlte. baked day. pyrophyllite. sericite. wollastonite. etc.. cart)onates» such as precipitated caldum 
cartx)nate. limestone powder whiting, magnesium cartonate. etc.. hydroxtdes, such as aluminum hydrcodde, magne- 
sium hydroxide, etc. . oxkies. such as zinc oxide, zinc white, magnesium oxide, etc., barium sulfate, and synthetic silicic 
acids and silicates, such as hydrated calcium silicate, hydrated aluminum silicate, hydrated silicic acid, silidc anhydride, 
etc., flake-form fillers, such as mica. 

fibrous fillers, such as glass fiber, basic magnesium sulfate whiskers, caldum titanate whiskers, aluminum borate 
whiskers, sepiolite. PMF (processed mineral fSser). xonotolite. potassium titanate, ellestadite. etc.. and 
balloon-form fillers, such as glass balkx>ns, fly ash balloons, etc. 

[0225] Among the above, talc, caldum carbonate, glass fiber, potassium titanate. and barium sulfate, etc. are used 
preferably in the present invention, and fine powder talc having an average partide size of 0.01 to 10 urn is espedally 

preferable for use. 

[0226] The average partide size of talc can be measured by the lk;uid phase sedimentation method. 
[0227] The inorgank; filler, in particular, the talc that is used in the present inventkin may be non-treated or may be 
surface treated in advance. Specific examples of surface treatment indude chemical or physical treatment using silane 
coupling agents, higher fatty acids, metal salts of fatty acids, unsaturated organic acids, organic thanates, resin acids, 
polyethylene glycol, and other treatment agents. When talc provided with such surface treatment is used, a prof^ene 
polymer composition that is excellent in w^d strength, coating properties, and forming properties can be dbtamed. 
[0228] Two or more of the above types of inorganic filler may be used in combination. 

[0229] Also in the present invention, organic fillers such as Ngh styrenes. lignin and reclaimed rubber may be used 
along with inorganic fillers such as those mentioned abova 

[0230] Since the polypropylene cornpositton of the present invention contains such adcfitives, nucleating agents, mb- 
ber components, fillers, etc.. a molded product can be formed that is further improved in t>alanoe of physical properties, 
durability, coating properties, printing properties, flaw resistance, and forming properties. 

[0231 ] The polypropylene composition may be produced by kneading the above-described propylene, additives, rub- 
ber components, inorganic filler, and other components by use of known methodis. 
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Thermoformed Product 

[0232] The aboveKiescribad crystalOne polypropytenes and polypropylene compositions of the present invention 
(shall be referred to her&nafter simpty as *polypropylenes*) can be used widely in conventioroOy Known polyolefin 
applications, and in particular, the polypropytenes be molded and used, for example, as sheets, unstretched or 
stretched films, filaments, and molded products of various other shapes. 

[0233] Spedf ic examples of molded products include molded products obtained t>y such known thermoforming meth- 
ods as extrusion molding, ir^ection molding, inflation ntolding. blow molding, extrusion blow molding, injection blow 
molding, press molding, vacuum forming, calendering, foam molding, etc. A few examples shall be given below to 
describe such molded products. 

[0234] When for example the moled product of the present invention is an extrusion molded product, the shape and 
type of the product is not limited in particular, and sheets, films (unstretched). P9>es. hoses, electric cable jackets, f fla- 
ments, etc.. can be given as examples. Especially preferred are sheets, films, and filaments. 
[0235] Conventionally known cxtn^ion devices and molding condib'ons can be employed in extrusion molding the 
polypropylene. The molten polypropylene can be extruded from a T die. etc.. using, for example, a single-axis screw 
extruder, kneading extruder, ram extruder, gear extruder, etc.. and formed into a sheet or a film (unstretched). 
[0236] Stretched filn^ can be obtained by stretching the abovementioned extruded sheet or extruded film 
(unstretched) by the tenter method (longitudinal-transverse stretching, transverse-longitudinal stretching), simultane- 
ous biaxial stretching method, uniaxial m^od, or other known stretching method. 

[0237] The draw ratio In the stretching of a sheet or unstretched film is usually about 20 to 70 times in the case of 
biaxial stretching and usually about 2 to 1 0 times in the case of uniaxial stretching, it is desirable to obtain a stretched 
film of about 5 to 20 ^m thickness by stretching. 

[0238] As another example of formed product of film form, inflation films may also be manufactured. Drawdown is 
unlik^ to occur in the process of inflation molding. 

[0239] The aboveKJescn1)ed sheets and film molded products, obtained from the polypropytenes of the present inven- 
tion, do not become charged easily, are excellent in tensile modulus and other rigidity characteristics, heat reastance. 
Impact resistance, aging resistance, transparency, see-through properties, gloss, rigidity, moisture proof, and gas bar- 
rier properties, and can be used widely as packaging film, etc. Since these sheets and films are particularly excellent 
in moisture proof, they can be used preferafc)ly in press through packs, etc., that are used as packaging material for drug 
tablets, capsules, etc. 

[0240] Filament molded products can be produced for exanrple by extruding the molten polypropylene through a spin- 
ning nozzle. A filament thus obtained can be further stretched. It is sufficient that this stretching be performed so that 
the molecules become oriented In at least one axial direction of the filament It is usually desirable to perform stretching 
to attain a draw ratio of about 5 to 1 0 times. Filaments obtained from the polypropylenes of the present invention do not 
become charged readily and are excellent in rigidity, heat resistance, and inpact resistance. 
[0241] Injection molded products can be produced by injection molding the polypropylene into various shapes using 
conventionally Known injection moldng equipment and employing known conditions. Injection moUed products, 
obtained from the polypropylenes of the present invention do not become charged readily, are excellent in rigidity, heat 
resistance, impact resistance, surface gloss, resistance against chemicals, wear resistance, etc.. and can be used 
widely as interior automotive trim material, exterior automotive trim material, housing for household electric products, 
various types of containers, etc. 

[0242] Blow molded products can be manufactured by blow moUing the polypropylene using conventionally loiown 
blow molding equipment and employing known conditions. 

[0243] For example in extrusion blow molding, an abovementioned polypropylene is extruded from a die In the moKen 
condition where the resin temperature is lOO^'C to aOO^'C to fomi a tube-shaped parlson. After then retaining the parison 
in a mold of the desired shape, air is blown in to make the parison fit the mok! at a resin temperature of ISCC to SOO^'C 
and thereby fonri a hollow moUed product It is desirable that the draw (blow) ratio 1$ 1 .5 to 5 times In the transverse 

direction. 

[0244] In injection blow molding, an abovementioned polypropylene is irijected into a parison-nrtoM in the molten con- 
dition where tiie resin temperature is lOO^C to SOO^'C to form a parison. After then retaining the parison in a mold of the 
desired shape, air is blown in to make the parison fit the mold at a rea'n temperature of 120*C to 300*C and thereto 
form a hollow molded product. In obtaining the hollow nrotied product it is desirable that the draw (blow) ratio is 1 .1 to 
1 .8 times in the longitudinal direction and 1 .3 to 2.5 times in the transverse direction. 

[0245] Blow mokied products, obtained from the polyprofi^enes of the present invention, are excellent in rigidity, heat 
resistance, impact resistance, as well as in moisture proof. 

[0246] Mold stamping molded products can be given as examples of press mokied products. Polypropylene of the 
present invention can be used lor example as the base material used, in a composite Integral moUing (mold stamping 
molding) process wherein the base material and a skin material are press mokf ed simultaneously. Specific examples of 
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such mold stanrping molded products induda door trims, rear package trims, srat back garnishes, instrument panels, 
and other Interior automotive trim nnateria)& 

[0247] Since the poiypropylenes of the present invention exhibit high rigidity and. for example, exhibit suffid'entty high 
rigidity even when containing rubber conpcnents. the poiypropylenes can be used in various applications that require 
high rigidity. In particular, the poiypropylenes of the present invention can be used preferably in such applications as 
interior and exterior automotive trim material, housing for household electric goods, and various containers. 
[0248] Press molded products nnade of the poiypropylenes of the present invention do not become charged readOy 
and are excellent in rigidity, heat resistance, impact resistance, aging resistance, surface gloss, resistance against 
chenticals. wear resistance, etc. 

Effects of the Invention 

[0249] The crystallm poiypropylenes and polyprof^ens compositions of the present invention contain crystalline 
polypropylene components of high molecular weight and crystalline components having specific physical properties, 
and are therefore extremely high in rigidity Also^ the aystalDne poiypropylenes and polypropylene compositions of the 
present invention are excellent in hardness, rigidity, melt tension, fluidity, and nrx>lding properties. 
[0250] Such crystalline poiypropylenes and polypropylene compositions of the present invention can be used in a 
wide variety of applications requiring high rigidity, and can be used preferably for example as materials for household 
electric goods such as housing, wasfvng tubs, etc., film materials, such as uniaxially stretched f ibns. biaxiaJly stretched 
films, inflation fSms, etc., sheet materials made by calendering, extrution molding, etc., container materials for bags, 
retort containers, Interior automotive trim materials for trims. Instrumental panels, column covers, etc.. exterior automo- 
tive trim nmterials for fend&s. bumpers, chenille, mud guards, nvrror covers, etc., sundry goods, etc. 

Example 

[0251 1 Though the present invention shall now be descn'bed more specifically by way of examples, the present inven- 
tion is not limited to these examples. 

[0252] The physical properties of polypropylene or polypro|:^ene compositkm, indicated in the description of the 
axanples, were measured as folk^wsl 

(Intrinsic viscosity (n)) 

[0253] The limiting viscosity was measured In decahydronaphthalene at ISS^'C. 
(Weight-average molecular weight (Mw). z-average molecular weight (Mz)) 

[0254] The weight-average molecular weight (Mw) and z-average molecular weight (Mz) were detemrtined from gel 
permeation chromatography (GPC) measurements made at 140°C using o-chlorobenzene as the solvent. 

(Meltviscoelasticity) 

[0255] The frequency dependent loss tangent of the components insoluble in 64<'C decane of the polypropylene was 
measured using RDS-1 1 made by Reometrix Co. 

[0256] Using a disk-shaped sheet of 2mm thickness and I2.5mm radius that was press molded at 230*C. the loss 
tangent (tanS ^ qs ) at a frequency of 0.05rad/^ec and the loss tangent (tan5 ) at a frequency of 1 0rad/sec were meas- 
ured at 230''C and under constant strain. 

[0257] The value of the melt viscoelasticity index D was then determined using the aforementioned formula from the 
respective frequencies and measured loss tangent values. 

(Rexure modulus test (FM)) 

[0258] Using a test piece that was injection molded under predetermined condftions, the flexure modulus was meas- 
ured at a test temperature of 23**C, span interval of 51 nun, and flexing rate of 20mm/minute in compliance with ASTM 
D790. 

[Melt tension (MT)] 

[0259] The melt tension was measured as the tension applied to a f aament when an extruded strand is pulled at a 



26 



EP0 903 356A1 



constant rate using the Melt Tension Tester (made by Toyo Seild) and under oonditiors of a measurement tenperalure 
of 200"C and extrusion rate of ISmmAninute. 

(Pencil hardness) 

[0260] The pencil hardness was measured in oompliance with JfS K5401 . 

1 

Production of Homooolvproovlene 

(Preparation of solid titanium catalyst component (a)) 

[0261] A mixture of 95.29 of anhydrous magnesium chloride. 442ml of decane. and 390.6g of 2-ethylhexyl alcohol 
was heated for 2 hours at 130^0 to obtain a uniform solution. To the solution was added 21. 3g of phthalic anhydride, 
and further stirring and nf«*xing were cammed out for 1 hour at 130*C to dissolve the phthalic anhydrida 
[0262] After cooling the uniform solution thus obtained to 23'*C, 75nnl of the uniform solution were dripped over 1 hour 
into 200ml of titanium tetrachloride kept at •20''C. After the dripping process, the temperature of the mixed solution 
obtained was raised to 1 lO^C over 4 hours. When the temperature was reached to i lO^'C. 5.22g of ditsobutyl phthalate 
(DIBP) were added and the mixture was then kept at eald temperature while stirring for 2 hours. The solid components 
were then collected by hot fDtraton. resuspended in 275ml of titanium tetrachloride, and then heated again for 2 hours 
atlWC. 

[0263] After heating ended, the solid components were collected by hot fOtration again and washed using decane and 
hexane at 1 10°C until titanium compounds were no longer detected in the wash liquid. 

[0264] The solid titanium catalyst componem (a) that was prepared in the above manner was preserved as a haxane 
slurry and a portion was dried to examine the catalyst composition. 

[0265] The solid titanium catalyst component (a) contained 2.5wt% of titara'um. 58wt% of chlorine. 1 awt.% of mag- 
nesium, and 13.8wL%of DIBP. 

(Preparation of prepolymer catalyst) 

[0266] To a 2 liter autoclave with stirrer were introduced 500ml of refined hexane. 120g of 3-methyl-1-butene, 50 mil- 
timoles of triethylaluminum. 50 millimoles of trimethylmethoxysilane. and an amount of the above-obtained solid tita- 
nium catalyst component (a) corresponding to 5.0 millimoles in ternr« of titanium atom under a nitrogen atmosphere. A 
poJymerization reaction was performed for 8 hoursw The polymerization temperature was maintained at 20*C. 
[0267] After the end of polymerization, the interior of the reactor was replaced with nitrogen, and then a washing oper- 
ation, comprised of removing the supernatant and adding refined hexane, was performed three times. The prepolymer 
catalyst (B)-1 that was obtained was then resuspended in refined hexane and the entire amount was transfen'ed into a 
catalyst bottla 

[0268] A prepolymer catalyst containing 10.4g of poly(3-methyl-1 -butene) per 1g of soiki titanium catalyst oonponent 
(a) was obtained. 

(Polymerization) 

[0269] 3kg of propylene were placed in an autoclave with an inner volume of 1 7 liter and after raising the temperature 
to eo^'C. 7.0 millimoles of triethylaluminum, 7.0 millimoles of (ficyctopentykfinrtethoocysilane. and 2.28g of the prepolymer 
catalyst obtained in the above-described manner were added. The temperature was then raised to 70°C and kept there 
for 10 minutes to carry out polymerization. 

[0270] Next, the vent valve was opened and the unreacled propylene was purged via an integrating flowmeter (end 

of first stage propylene homopolymerization), 

[0271 ] After the end of purging, the vent valve was closed. 3kg of propylene and 0.7 liter of hydrogen were introduced, 
and the tenperature was raised to 70*C and kept there for 5 minutes to carry out polymerization. The vent valve was 
then opened and the unreacted propylene was purged via an integrating flowmeter (end of second stage propylene 
homopolymerization). 

[0272] After the end of purging, the vent valve was closed. 3kg of propylene and 8.5 liter of hydrogen were introduced, 
and the tenperature was raised to 70'C and kept there for 60 minutes to carry out polymerization. After then adding a 
small amount of ethanol to stop the polymerization reaction, the unreacted gas in the reactor was purged via an inte- 
grating ftowmeter (end of third stage propylene homopolymerizatkyi). 
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[0273] 2780g of polypropylene were obtained by the above procedura 

[0274] This polypropylene had an intrinsic viscosity (n) d 2. Idl/g and a bulk specific gravity of 0.48gM. The ratio of 
the polymer quantities at the respective stages as calculated from the integrating f lov^meter was f ir^ stage (x^Vsecond 
stage (xgjAhifd stage {X3) = 6/em. The intrinsic viscosities (nisJ. (njnd). and [r\^t^ of the polymers obtained in the 
respective stages are shown in Table 1 . These intrinsic viscosities of the respective stages were determined as follows. 
[0275] The intrinsic viscosity (tubO of the polynw obtained in the first stage was measured by sampling a portion of 
the pdymer after completion of the first staga 

[0276] The intrinsic visoostty {r\2n^ of the polymer obtaned in the second stage and the intrinsic viscosity (113,^ of 
the polymer obtained in the third stage were determined using equations (1) and (2) indicated below. 

(^12. Total) = Xi/(xi + X2) (Tllst) ^ X2/(xi + X2) {Tl2nd) • (D 



(n Total) = X 1 + 3( 2 ♦ X3)( nis, ) + X2/{X 1 ♦ Xj + X 3) (n 2nd) + 1 + « 2 + X3) (l 3fd) (2) 

[0277] In the above, . X2. and X3 are the polymer quantity ratios of the respective stageSi 

(^2. Total) is the value measured upon sampling a portion of the polymer after the completion of the second stage, 
and 

(n Totaj) ^he value measured upon sampling a portion of the polymer after the completion of the third stage. 
(Pelletization) 

[0278] Pelletizing of the homopolypropylene was performed by blending 
0.1 parts by weight of 3.S<fi-t-butyl-4-hydrQxytoluene, 

0.1 parts by weight of telrakis[methy1ene-3(3.5-di-t-bulyl-4-hydroxyphenyl)propionatelm8thane, 
0.1 parts by weight of calcium stearate. and 

0.2 parts by waght of sodium-2,2'-m8thylene-bis(4.6<ti-t-buty|phenyO phosphate with 100 weight parts of the poly- 
propylene (PP-i) obtained as described above and 

melt kneading at a resin temperature of zaO'^C wHh a double-axis extnxJer (made by Haake Co.). 

[0279] The IS55 injection molder manufactured by Toshiba Machinery Ca Ltd. was then used to prepare a test piece 
under predetermined conditions from the sample thus obtained. The test results are shown in Table 2. 

Exqmplg2 

Production of Homopolypro pylene (PP-2) 

[0280] 3kg of propylene were placed in an autoclave with an inner volume of 1 7 liter and after raising the temperature 
to 60<'C. 7.0 millimoles of triethylaluminum. 7.0 millimoles ol dicyclopentyldimethoxysilane. and 2.28g of the prepdymer 
catalyst obtained in Example 1 were added. The tempemture was kept at 60"C fbr 14 minutes to can-y out polymeriza- 
tion. 

[0281 ] Next, the vent valve was opened and the unreacted propylene was purged via an integrating flowmeter (end 
of first stage propylene homopdymerization). 

[0282] After the end of purging, the vent valve closed. 3kg of propylene and 0.6 liter d hydrogen were introduced, 
and the temperature was raised to 70°C and kept there for 6 minutes to carry out polymerization. The vent valve was 
then opened and the unreacted propylene was purged via an integrating f towmeter (end of second stage propylene 

homopolymerization) . 

[0283] After the end of purging, the vent valve was dosed. 3kg of propylene and 23 liter of hydrogen were introduced, 
and the ten^perature was raised to 70°C and kept there fbr 65 minutes to canry out pdymerization. After then adding a 
small amount of ethanol to stop the polymerization reaction, the unreacted gas in ttie reactor was purged via an inte- 
grating flowmeter (end of third stage propylene homopolymerization). 
[0284] 281 4g of polypropylene were obtained by the above procedura 

[0285] This polypropylene had an intrinsic viscosity (n) of 2.0dl/g and a bulk specific gravity ol 0.48g^ml. Tbe ratio of 
the polymer quantities at the respective stages as calculated from the integrating flowmeter was first stage (xO/second 
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stage (x2)Ahi;d stage {x^ ^ 8^84. The intrinsic visoosities (ntst)* (^znd)* ^ (nsrd) the polymers obtained in the 
respective stages are shown in TabJe 1. 

(Pelletizat'on) 

[0286] Example 1 was repeated except for using the homopolypropylene (PP-2) otstained in the alMve manner in 
place of PP-1. to perform pelletization. 

[0287] An injection moldBd test piece was prepared in tfie san» manner as in Example 1 . The results are showvn in 
Table 2. 

Example a 

Production of Homopolypropylene (PP-3) 

[0288] 3kg of propylene were placed in an autoclave with an inner volume of 17 liter and after raising the temperature 
to 60''C, 7.0 millimoles of triethyl aluminum, 7.0 miliimdes of di-t-butytdimethoxysilane (DTBMS). and 2.28g of the pre- 
polymer catalyst obtained in Example 1 were added. The temperature was then raised to 70*^0 and kept there for 9 min- 
utes to carry out polymerization. 

[0289] Next, the vent valve was opened and the unreacted propylene was purged via an imegrating flowmeter (end 
of first stage propylene homopolymerization). 

[0^0] After the end of purging, the vent valve was closed. 3kg of propylene and 0.7 liter of hydrogen were introduced, 
and the temperature was raised to 70*^0 and kept there for 5 minutes to cany out polymerization. The vent valve was 
then opened and the unreacted propylene was purged via an integrating flowmeter (end of second stage propylene 
honx^polymerization) . 

[0291 ] After the end of purging, the vem valve was closed. 3kg of propylene and 56 (iter of hydrogen were introduced, 
and the temperature was raised to 70^0 and kept there for 70 minutes to carry out polymerization. After then adding a 
snail amount of ethanol to stop the polymerization reaction, the unreacted gas in the reactor was purged via an inte- 
grating flowmeter (end of third stage propylene homcpolymerizatlon). 
[0292] 2697g of polypropylene were obtained by the above procedure. 

[0^3] This polypropylene had an intrinsic viscosity (t]) of 2.2dl/g and a bulk specific gravity of 0.47g/ml. The ratio of 
the polymer quantities at the respective stages as calculated from the integrating flowmeter was first stage (xt)yi5econd 
stage {x^mr6 stage (X3) = 8/8/84. The intrinsic viscosities (tiiJ. (Ti2nd)» 8nd (113^ of the polymers obtained in the 
respective stages are shown in Table 1 . 

(Pelletization) 

[0294] Example 1 was repeated except for using the homopolypropylene (PP-3) obtained in the above manner in 
place of PP-1, to perform pelletization. 

[0295] An Injection moUed test piece was prepared in the same manner as in Example 1 . The results are shown in 
Table 2. 

CompamtiveRfflmptel 

Production of HomopolvDrootflene f PPel^ 

[0296] 3kg of propylene and 6.5 liter of hydrogen were placed in an autoclave with an inner volume of 1 7 liter and after 
raising the temperature to 60°C, 7.0 millimoles of triethylaluminum. 7.0 millimoles of dicydopentyldimethoxysilane. and 
2.28g of the prepolymer catalyst obtained in Exanrpte 1 were added. 

[0297] The temperature was then raised to 70^0 and kept there tor 55 minutes to carry out polymerization. 
[0298] After then adding a small amount of ethanol to stop the polymerization reaction, the unreacted gas in the reac- 
tor was purged via an integrating f fowmeter. 
[0299] 2755g of polypropylene were obtained by the above procedure. 

[0300] This polypropyl^e had an Intrinsic viscosity (ti) of 1.7dl/g and a bulk spedfk: gravity of 0.48g/ml. 
(Pelletization) 

[0301] Exanple 1 was repeated except for using the homopolypropylene (PPc-1) obtained in the above manner in 
place of PP-1. to perform peOetization. 
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[0302] An tr^ection molded test piece was prepared in the same manner as in Example 1 . The results are shown in 
Table 2. 

Example 4 

Protfwction gf PrepvlePB Bipch CopQlvmer fPP-4) 

[0303] First stage propylene homopolymerization. second stage prop/tene homopdymenzation. and third stage pro- 
pylene homopolymenzation were carried out in the same manner as in Example 2. and the unreacted gas after the end 
of the third stage propylene homopolymerizaticn was purged without ackiing ethanol. 

[0304] Ethylene, propylene, arxi hydrogen were then supplied to the polymerizer at rates of 800 liter/hour, 1200 
liter/hour and 30 iiter/hour. respectively, the vent opening of the polymerizer was adjusted to keep the pressure inside 
the polymerizer at 10kg/cm^<a. and polymerization was carried out for 60 nrtinutes at TO^'C. 
[0305] After then adding a small amount of ethanol to stop the polymerizatton reaction, the unreacted gas in the 
polymerizer was purged. 

[0306] 31 41 g of polypropylene were obtained in the above manner. 

[0307] The quantity of polymer in the rubber component comprised 11wt%of the polypropylene, the intrinsic viscosity 
(r\) was 3.0dt^, and the ethylene content was 40mol%. 

(Pdtetization) 

[0308] Example 1 was repeated except for using the propylene block copolymer {PP-A) ot>tatned in the above manner 
in place of PP-1 , to perform pelletization. 

[0309] An injection molded test piece was prepared in the same manner as in Example 1 . The results are shown in 
Table 2. 

Comparison Example 2 

Production of Propylene Block Polymer fPPc2) 

[0310] After performing hontopolymerization of propylene in the same manner as in Conparative Example 1. the 
unreacted gas was purged without adding ethanol. Ethylene, propylene, and hydrogen were then supplied to the polym* 
erizer at rates of 800 literyhour. 1200 liter/hour and 30 liter/hour, respectively, the vent opening of the polymerizer was 
adjusted so that the pressure inside the polymerizer was 10kg/cm?-G. and polymerization was carried out for 60 min- 
utes at 70*C. 

[0311] After then adding a small amount of ethanol to stop the polymerization reaction, the unreacted gas in the 
polymerizer was purged. 

[031 2] 31 32g of polypropylene were obtained in the above manner. 

[031 3] The quantity of polymer in the rubber component conprised 10wt.% of the polypropylene, the intrinsic viscosity 
[r\) was 3.0dl^» and the ethylene content was 40mol%. 

(Pelletization) 

[0314] Example 1 was repeated except for using the propylene block copolymer (PPc-2) obtained in the above man- 
ner in place of PP-1 . to perform pelletization. 

[031 5] An injection molded test piece was prepared in the same manner as in Example 1 . The results are shown in 
Table 2. 
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Table 1 



I 


Ex.1 


Ex.2 


Ex.3 


Conp. 
Ex.1 


Ex.4 


Comp. 
Ex. 2 


i 


PP-1 


PP-2 


PP-3 


PPcl 


PP-4 


PPc2 


Propylene ] 

First 
stage 


polymerization 
(n 1st) (dl/gl 


8.8 


9.5 


12 


1.7 


9.5 


1.7 


Polymer ratio 
(wt.%) 


6 


8 


8 


100 


5 


90 


Second 
stage 


(n2nd) (dl/g) 


4.3' 


4.5 


6.5 




4.5 




Polymer ratio 
(wt.%) 


6 


8 


8 




5 


- 


Third 
stage 


(Tl 3rd) (dl/g) 


1.5 


1.0 


1.0 




1.0 




Polymer ratio 
(wt.%) 


88 


84 


84 




79 




Rubber conq 


ponent 

in) (dl/q) 




3.0 


3.0 


Ethylene 
content 
(mol %) 


40 


40 


Polymer ratio 
(wt.%) 


11 


10 



50 



SS 



40 



45 



SO 
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Table 2 





No. 


Components insoluble in 64''C decane 


Queuitit/ 
(wt.%} 


<n) 

(dl/g) 


Mz/Mw 


mnunm 
percent - 
aqe (%) 


D 

value 


Ex. 1 


PP-l 


99.4 


2.1 


6.1 


99.0 


6.1 


Ex. 2 


PP-2 


99.6 


2.0 


8.0 


98.7 


6.3 


Ex. 3 


PP-3 


99.5 


2.2 


9.3 


98.4 


7.5 


Coxnp. 
Ex. 1 


PPcl 


99.5 


1.7 


3.5 


98.5 


2.1 


Ex. 4 


PP-4 


89.5 


2.0 


7.9 


98.2 


6.4 


Comp. 
Ex. 2 


PPc2 


89.4 


2.1 


3.2 


98.2 


2.2 



25 Table 2 (continue) 





Total polvDro 


pylene 


FM 
(MPa) 


MT 

(g) 


Pencil hardness 


Ex. 1 


2432 


2.5 


HB 


Ex. 2 


2551 


4.0 


F 


Ex. 3 


2700 


7.0 


F 


Comp. 
Ex. 1 


2121 


0.6 


B 


Ex. 4 


2150 


3.8 


2B 


Comp. 
Ex. 2 


1844 


0.5 


3B 



[0316] Production examples of the polypropylene used in the embodlnients and comparison examples described 

below shall now be desaibed. 

so Preparation Example 1 

ProdtigBon pf Homopplypropylene (PP-5) 
(Polymerization) 

55 

[03171 135.9kg of propylene were placed in a polymerizer with an inner volume of 1m^ and after raising the temper- 
ature to 30°C. 250 millimoles of triethylaluminum. 250 millimoles of dicydopen^ldimethoxysilane. and 5 millimoles of 
the solid titanium catalyst component (a) obtained in Example 1 were added. The temperature was then maintained at 
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30*>C and the pressure was kept at S.Tkg/cm^Q for 45 ininutes to carry out polymsrizatioa 

[031 8] Next, the vent valve was opened and the unreacted propylene was purged via an integrating flowmeter (end 

of first stage propylene homopolymerization). 

[031 9] Aft^ the end of purging, the vent valve was dosed. 1 25kg of propylene and 200N liter of hydrogen were intro- 
duced, and the temperature was raised to TO^C and kept there for 2 hours and 23 minutes to carry out polymerization. 
The vent valve was then opened and the unreacted prc^ene was purged via an integrating flowmeter (end of second 
stage propylene homopolymerization). 

[0320] 91 .2kg of polypropylene were obtained by the above procedure. 

[0321] This polypropylene had an intrinsic viscosity (t^) of 2.9dl/g and a bulk specific gravity of 0.47g/m}. The ratio of 
the polymer quantities at the respective stages as calculated from the intonating flowmeter was first stage (xi)^econd 
stage [x^ = 5/95. 

[0322] The intrinsic viscosities (nut) ^ {n2nd} of the polymers obtained in the respective stages and the (ti) ((nrotai)) 
of polypropylene (PP-5) are shown in Table 3. 

[0323] These intrinsic viscosities of the re^ective stages were determined as follows. 

[0324] The limiting viscosity (Ti^st) o^ the polymer obtcdned in the first stage was measured by sampling a portion of 
the polymer after completion of the first stage. 

[0325] The limiting viscosity (nand) of the polymer obtained in the second stage was determined using equatkm (1) 
indicated below. 

In Totaj) = «lAXi+X2)(ni8i)+X2/(Xl+X2)(n2nd) 0) 

P re paration E xample Z 

Production of HpmQpplyprgpylgne (PP-g) 

[0326] 153.8Kg of propylene were placed in a polymerizer with an Inner volume of 1m^ and after raising the tenper- 
ature to 30**C. 250 millimoles of triethylalumlnum, 250 ndlllmoles of dicydopentyldimethoxysilane. and 5 mlDlmoles of 
the edid titanium catalyst component (a) obtained in Example 1 were added. TTie temperature was then kept at SO^'C 
and the pressure was kept at 5.7kg/cni^G for 50 minutes to carry out polymerization. 

[0327] Next, the vent valve was opened and the unreacted propylene was purged via an integrating flowmeter (end 
of first stage propylene homopdymerization). 

[0328] Aftertheendof purging, the vent valve was dosed. 135kg of propylene and 1580N liter of hydrogen were intro- 
duced, and the temperature was raised to 70*^0 and kept there for 4 hours and 35 minutes to carry out polymerization. 
The vent valve was then opened and the unreaded propylene was purged via an Integrating flowmeter (end of second 
stage propylene homopolymerization). 

[0329] This polypropylene had an Intrinsic (t)) of 1 .5dl/g and a bulk specific gravity of 0.47g/ml. The ratio of the pdy- 
mar quantities at the respective stages as calculated from the integrating flowmeter was first stage (x^V^econd stage 
(xj) = 5/95. 

[0330] The intrinsic viscosities (n^Qt) ^ (n2nd) ^ the polymers obtained in the respective stages and the (t)) ((nroiai)) 
of polypropyfene (PP-6) are shown in Table 3. 

Preparation Examples 

Production of Homopdvproovlene iPP-T) 

[0331 ] 1 50.2kg of propylene were placed in a polymerizer with an inner volume of 1 and after raising the temper- 
ature to 30'C. 250 millimoles of triethylalumlnum. 250 ntiJIimoles of dicydopentyldimethoxysilane. and 5 millimoles of 
the solid titartium catalyst component (a) obtained in Example 1 were added. The temperature was then maintained at 
ZO'^C and the pressure was kept at 5.7kg/cm^G for 2 hours and 1 5 minutes to cany out polymerization. 
[0332] Next, the vent valve was opened and the unreacted propylene was purged via an integrating flowmeter (end 
of first stage propylene homopolymerization). 

[0333] After the end of purging, the vent valve was dosed. 1 30Kg of propylene and 650N liter of hydrogen were added, 
and the temperature was raised to Tff'C and kept there for 4 hours to carry out polymerization. The vent valve was then 
opened and the unreacted propylene was purged via an integrating flowmeter (end of second stage propylene homopo- 

lymerizatk}n]. 

[0334] 84kg of polypropylene were obtained by the above procedura 

[0335] This polypropylene had an intrinsic viscosity (n) of 2.7dl/g and a bulk specinc gravity of 0.47g/ml. The ratio of 
the pdymer quantities at the respective stages as calculated from the integrating flowmeter was first stage (xt)/^econd 
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etage (X2) = 12^ 

[0336] The limiting viscosities hi st) ^ (^2ni) ^ ^ polymers obtained in the respective stages and the (n) of poly- 
propylene (PP'7) are ^own in Table 3. 

Preparation Example 4 

Production of Hontopoivprooylene fPP-8) 

(Polymerizalion) 

[0337] 148.7kg 0I propylene were placed in a polymerizer with an inner volume of and after rasing the temper- 
ature to 30°C. 250 millimoles of triethylaluminum. 250 millimoles of dicydopentyldimethoxysflana and 5 miliimoles of 
the solid titanium catalyst component (a) obtained in Example 1 were added. The temperature was then maintained at 
sec and the pressure was at 5.7kg/cm^ for 52 minutes to carry out polymerization. 
[0338] Next, the vent valve was opened and the unreacted pr<^ene was purged via an integrating flowmeter (end 
of first stage propylene homopdymerization). 

[0339] After the end of purging, the vent valve was closed. 135ko of propylene and 2800N liter of hydrogen were 
added, and the temperature was raised to 70^C and kept there for 6 hours and 30 minutes to cany out polymerization. 
The vent valve was then opened and the unreacted propylene was purged via an integrating flowmeter (end of second 
stage propylene homopolymerization). 

[0340] 1 21 kg of polypropylene were obtained by the above procedure. 

[0341 ] This polypropylene had an intrinsic viscosity (11) of 1 .2dl/g and a bulk specific gravity of 0.47g^ml. The ratio of 
the polymer quantities at the respective stages as calculated from tiie integrating flowmeter was first stage (xi)yieeoond 
stage (X2) = 5/95. 

[0342] The limiting viscosities (i^st) ^ (Ti2nd) of the polymers obtained in the respective stages and the (n) of poly- 
propylene (PP-8} are shown in Table 3. 

Preparation Samples 
ProAiCtiQP of Polypropylene (pp-9) 

[0343] The temperature of a sluny solution (lOOg/liter) of the propylene (PP-8) powder, obtained in the manner 
described above, in decane was kept at 124°C and stirred for 2 hours. Thereafter, the slurry solution was filtered, and 
the f IHer mass was dried to obtain polypropylene (PP-S). 
[0344] The intrinsic viscosity in) of this polypropylene was 1 .4g/dl. 

Preparation feami?le 6 

PrpdMCtion ^ PQlyprQpylenQ (PP«1Q) 

[0345] The temperature of a sluny solution (ICOg/liter) of the propylene (PP-8) powder, obtained in ti>e manner 
desaibed above, in decane was kept at 120''C and stirred for 2 hours. Thereafter, the sluny solution was filtered, and 
the fitter mass was dried to obtain polypropylene (PP-10). 
[0346] The intrinsk: viscosity (n) of this polypropylene was 1 .3g/dl. 

Comparative Preparation Exampia 1 

Production of HoTOPPlypropylene (PPc3) 

[0347] 1 35kg of propylene and 200N liter of hydrogen were placed in a polymerizer with an inner volume of 1 m^ and 
after raising the temperature to 70''C. 250 millimoles of triethylalumimjm, 250 millimoles of dicydopentyldimethoxysl- 
lane, and 5 millimoles of the solid titanium catalyst component (a) Obtained in Exampia 1 were added. The tenperature 
was then maintained at 70°C and the pressure was kept at S.7hQfar?Q for 4 hours to carry out polymerization. The vent 
valve was tfien opened and the unreacted propylene was purged via an integrating flowmeter. 
[0348] 71 kg of polypropylene were obtained by the abare procedure. 

[0349] This polypropylene had an intrinsic viscosity (t)) of 2.7dl/g and a bulk specific gravity of 0.47g/m]. 
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ComparativB Preoaration Exampte 2 

ProdwgtiQP HomopglYBrwyigpe (PPc4) 

[0350] 135kg of propytena and 1350N liter of hydrogen were placed in a polymerizer with an inner volume of and 
after raising the tenperature to 70X. 250 miiiimotes of triethylaluminum. 250 miUimoles of drcydopentytdimethoxysi- 
lane, and 5 miOimoles of the soOd titanium catalyst component (a) obtained in Exannple 1 were added. The temperature 
was then maintained at TD^'C and the pressure was kept at 5.7l^cm^ (or 4 hours to carry out polymerization. The vent 
vatve was then opened and the unreacted propylene was purged via an Integrating flowmeter. 
(0351] 78kg of polypropylene were obtained by the above procedure 

[0352] This polypro^ene had an intrinsk: viscosity of 1 .3dl/g and a bulk spedfic gravity of 0.47g/ml. 
Comoarative Preparation Example 3 

Production of HomoDdvPfopylene fPPcS) 

[0353] 135kg of propylene and 690N liter of hydrogen were placed in a polymerizer with an inner volume of 1m^ and 
after raising the temperature to 70''C, 250 millimoles of triethylatuminum, 250 millimoles of dicydopentytdimethoxysi- 
lane. and 5 mHlimoles of the solid titanium catalyst component (a) obtained in Example 1 were added. The temperature 
was then maintained at 70*0 and the pressure was kept at 5.7k9/cm^ for 4 hours to carry out polymerizatnn. 
[0354] Ihe vent valve was then opened and the unreacted propylene was purged via an integrating f kywmeter (end 
of first stage propylene homopoiymerization). 

[0355] After the end of purging, the vent valve was dosed. 130kg of propylene and 1950N liter of hydrogen were intro- 
duced, and the temperature was raised to 70^C and kept there for 3 hours to carry out polymerization. The vent valve 
was then opened and the unreacted propylene was purged via an integrating flowmeter (end of second stage propylene 
homopolymerizalion). 

[0356] 88kg of polypropylene were obtained by the above procedure. 

[0357] This polypropylene had an intrinsic viscosity {r\) of 1 .3dl/g and a bulk specific gravity of 0.47g/ml. The ratio of 
the polymer quantities at the respective stages as calculated from tiie integrating f towmeter was first stage (xt)/^econd 
stage (X2} = 40/60. 

[0358] The intrinsic viscosities (i^tet) and (T)2nd) of the polymers obtained in the respective stages and the (n) of poly- 
propylene (PPcQ are shown In Table 3. 

ComparativB preparation Example 4 

Production of Homopolypropvlene (PPc6) 

[0359] 135kg of propylene and 68N liter of hydrogen were placed in a polymerizer with an inner volume of 1m^ and 
after raising the temperature to 70'*C, 250 millimoles of trfethylaluminum, 250 millimoles of dicydopentyldimethoxysi- 
lane, and 5 mOlimoles of the solid titanium catalyst component (a) obtained in Example 1 were added. The temperature 
was then maintained at 70"C and the pressure was kept at 5.7k9/cnni% for 4 hours to can'y out polymerization. 
[0360] The vent valve was tiien opened and the unreacted propylene was purged via an integrating fkiwmeter (end 
of first stage propylene homopoiymerization). 

[0361] After the end of purging, the vent valve was closed. 1 30kg of propylene and 850N liter of hydrogen were intro- 
duced, and the temperature was raised to 70<'C and kept there for 3 hours to cany out polymerization. The vent valve 
was then opened and tiie unreacted propylene was purged via an integrating f k>wmeter (end of second stage propylene 
honfK)polymerization). 

[0362] 89kg of polypropylene were obtained by the above procedure. 

[0363] This polypropylene had an intrinsic viscosity (n) of 2.6dl/g and a bulk specific gravity of 0.47g/ml. The ratio of 
the polymer quantities at the respective stages as calculated from the integrating f lovmieter was first stage (xi)/second 
stage (X2} » 40/60. 

[0364] The limiting viscosities (titst) and [^2n^i of the polymers obtained in the respective stages and the (n) of poly- 
propylene (PPc6} are shown in Table 3. 
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ComparativB Preparation Example S 
Pfgtfwiipn of HgTOPQlvpropyiene (PPcT) 

[0365] 135kg of propylene and 1500N liter of hydrogen were placed in a polymerizer with an inner volume of and 
after raising the temperature to TO'^C, 250 millimoles of triethytaluminum, 250 milSmoles of dicydopentyldmethoxysl- 
lane, and 5 millimoles of the solid titanium catalyst component (a) obtained in Example l were acftied. The tenrq>era!ure 
was then maintained at 70*C and the pressure was kept at 5.7kg/cm^ fbr 4 houis to carry out polymerization. The vent 
valve was then opened and the unreacted propylene was purged via an integrating flowmeter. 
[0366] 82kg of polypropylene were obtained by the above procedure. 

[0367] This pdyprcpylene had an intrinsic viscosity (t|) of 1 .ad1/g and a bulk specStc gravity of 0.47g/ml. 
Reference Preparation Example 

Production of Homopolvproovtene (PP-11) 

[0368] 150.2kg of propylene were placed in a polymerizer with an inner volume of 1m^ and after raising the temper- 
ature to ao^C. 250 millimoles of triethytaluminum, 250 millimoles of dicyclopentykJimethoxysaane, and 5 millimoles of 
the solid titanium catalyst component (a) obtained in Exarnple 1 were added. The temperature was then maintained at 
ZO^'C and the pressure was kejat at 5.7kg/cm^Q for 2 hours and 15 minutes to carry out polymerization. 
[0369] Next, the vent valve was opened and the unreacted propytene was purged via an integrating flowmeter (end 
of first stage propylene homopdymerization). 

[0370] After the end of purging, the vent valve was closed. 130kg of propytene and 1950N liter of hydrogen were 
added, and the temperature was raised to 70^*0 and kept there for 4 hours to carry out polymerization. The vent valve 
was then opened and the unreacted propylene was purged vo an integrating flowmeter (end of second stage propylene 

honfwpolymerization). 

[0371 ] 30kg of polypropylene were obtained by the above procedure. 

[0372] This polypropylene had an intrinsic viscosity (n) of 2.2dl/g and a bulk specific gravity of 0.47g/m!. The ratio of 
the polymer quantities at the respective stages as calculated from the integrating flowmeter was first stage (x^/second 
stage {x^ = 15/85. 

[0373] The intrinsic viscosities (ntst) and (nand) of the polymers obtained in the respective stages and the (n) of poly- 
propylene (PP-1 1) are shown in Table 3. 
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[0374] The evaluation methods, besides those described above, which were used to evaluate the polypropylene or 
polypropylene composition in Examples and Conv)arative Examples are described below. 
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(Quantity of components ineotulsle in 64''C decane) 

[0375] In the description of Examples and Comparative Examples that fdlow. the quantity of components insoluble in 
GA^'C decane' (wt%)indicated In the Tat)ies is that of the components insoluble in 64''C decane that are contained in 
5 the components soluble in 140''C decana 

Quantity of components insoluble In SA^'C decane (wt%) » (Quantity of conponents insoluble 
in 64*>C decane (weght)) / (Quantity of components soluble in 140°C decane) x 100 

10 

(Melt flOMf rate (MFR)) 

[0376] The meit flow rate was measured at 230^0 and under a load of 2.1 6kg in compGance with ASTM D1238. 
15 (Rexure modulus (FM)) 

[0377] Using a test piece that was injection molded under predetermined conditions, the flexure modulus was meas- 
ured at a test temperature of 23<'C. span interval of 51mm, and flexing rate of 20mn>/minute in compGance with ASTM 
D790. 

20 

(Izod inpact strength (IZ)) 

[0378] The Izod impact strength was measured in conpliance with ASTM D790. 
ss (Tensfle elongation) 

[0379] The tensile elongation was measured In compliance with ASTM D638. 

(SR (die swell ratio)} 

30 

[0380] A sample was extruded at 230''C and y ° 2&00sec'^ using a capillary rheometer (barrel diameter: 10mm, noz- 
zle diameter (D): 1mm. nozzle length (L): 30mm}. The diameter of the extruded strand was measured and this diameter 
was divided by the nozzle diameter (0} to obtain the SR. 

35 (Surface hardness} 

[0381 ] The surface hardness was measured in compliance with ASTM D68S (R scale). 

(Entvittlement temperature) 

40 

[0382] The embrittlement temperature was measured In compliance with ASTM D746. 
(External appearance) 

46 [0383] 1 00 parts by weight of polypropylene composition was blended with two parts by weight of a cart>on master 
batch (PPM01 143 Black supplied from Toyo Ink Co.. Ltd.) and this was used to form an Injection molded rectangular 
plate (length 350mm x width 1 00mm x thickness 3mm). The gate was a side gate and was located 35mm from an end 
in the length direction. The external appearance was judged visually under the following standards. 

so AA : No flow marks are seen within 300mm in the length direction from the gate position. 
BB: No flow marks are seen within 280mm in the length direction from the gate position. 
CO: A f k>w mark is seen within 280mm in the length direction from the gate position. 

[0384] Here, a flow mark refers to vertical, stripe-like patterns that occur in the injection path. 

55 

Examples g to 7 

[0385] Each of the polypropylenes (PP-5 to PP-7) obtained in Preparatton Examples was palletized by blending 100 
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parts by weight of the polypropylena with 

0.1 parts by weight of 3,5-di-t-butyM-hydroKytoluene. 

0.1 parts by weight of tetraki$[methytene-3(3,5^i-t-butyt-4-hydrQKypheriyQproptona^ and 
5 0.1 parts by weight of caldum stearate. and 

meit kneading at a resin temperature of 230*C with a doid3le-a»6 extruder (made by Haake Ca). 

[0386] The results are shown in Table 4. 

10387] Polypropylene powders obtained in Preparation Examples 5 and 6 descrbed above ware dry-blended at a 
weight ratio of (PP-5)/(PP-6} s 63/37 to prepare a polypropylene nuxture. 

[0388] This mixture was pelletized in the same manner as in Example 5. The results are shown In Table 4. 

IS 

Rxflmp|e9 

[0389] The polypropylene mixture obtained in Preparation Examples 8 was peOetized by blending 100 parts by weight 
of the polypropylene mixture with 

20 

0.1 parts by weight of 3.5-di-t-butyl-4-hydrQxyto!uene. 

0.1 parts by weight of tetrakis[methylene-3(3.5-di-t*butyl-4-hydroxyphenyl)propionate]methane. 
0.1 parts by weight of cateium stearate. and 

0.2 parts by weight of sodium-2,2'-methylene-bis(4.&<li*t-buty1phenyl) phosphate and 
zs melt kneading at a resin temperature of ZSO'C with a doublets extruder (made by Haake Ca). 



30 



35 



40 



SO 



55 
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[0390] The results are shown in Table 4. 



Table 4 



1 


Ex.5 


Ex.6 


Ex.7 


Ex.8 Ex.9 


Polypropylene rot No. 








PP-5 /PP-6 


PP-5 


PP-6 


PP-7 


63/37 


Quantity of con^)onents soluble In 140°C decane (wt%) 


99.1 


99.3 


99.2 


98.9 


98.5 


Quantity of components insoluble in 64*'C decane (wt%) 


98.4 


98.6 


98.7 


98.4 


98.5 


0) 


(n)(cfl/g) 


2.9 


1.5 


2.7 


2.0 


2.0 


Mn (x 10-*) 


6.59 


2.55 


7.32 


3.3 


3.2 


Mw (x 10'^ 


4.71 


2.23 


4.8 


3.15 


3.13 


Mz{xlO-^ 


2.85 


4.07 


2.65 


3.39 


3.35 


Mw/Mn 


7.1 


8.8 


6.6 


9.5 


9.8 


(2) 


Mz/Mw 


6.1 


18.2 


5.5 


10.8 


10.7 


(3) 


mmmm percentage (%) 


98.6 


98.5 


98.4 


98.5 


98.4 


(4) 


D value 


4.08 


9.06 


4.71 


4.83 


4.82 


MFR (g/10 minutes) 


1.9 


50 


2.8 


15.3 


15.1 


Rexure modulus (MPa) 


2050 


2200 


2020 


2110 


2540 


tZ impact strength (23*^0) (J/M) 


35 


21 


34 


22 


21 


Tensile elongation (%] 


350 


110 


370 


120 


40 


Melt tension: MT 230«C (g) 


2.3 


0.3 


2.2 


0.75 


0.6 


SR (y=2600. 230^0) 


1.91 


2.23 


2.04 


2.05 


2.03 



' Quantity of components insoluble in 64''C decane (wt.%) - (Quantity of components insoluble 
In 64<'C decane (weight)) / (Quantity of components Insoluble In 140*^0 decane) x lOO 



CorpparatiYfl exarrples 3 to 6 

[0391 ] Example 5 was repeated except for using the polypropylenes PPc3 to PP-c6 obtained in Comparative pro- 
ration Examples 1 to 4 in place of polypropylene PP-5, pelletiang was performed in the same manner as in Example 5. 
The results are shown in Table 5. 

Conpar9tiv9 Example 7 

[0392] Polypropylene powders obtained in Comparative pr^ation Example 4 and Reerance preparation Example 
were dry-blended at a weight ratio of {PPc6)/(PP-1 1) b 59/41 to prepare a polypropylene mixture. 
[0393] Examples 5 was repeated except for using this polypropylene mixture in place of polypropylene PP-5, pelletiz- 
ing was performed in the same manner as in Example 5. The results are shown in Table 5. 

Comparative Example 8 

[0394] The polypropylene mixture obtained in Conparative Example 7 was palletized in the same manner as in Exam- 
ple 9. The results are shown in Table 5. 

Referential Example 1 

[0395] Example 5 was repeated except for using the polypropylene PP-1 1 obtained in the reference production exam- 
ple in place of polypropylene PP-5. pelletizing performed in the same manner as in Example 5. The results are 
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shown in Table 5. 

Table 5 



5 







Comp. 


Comp. 


Comp. 


Comp . 






Ex. 3 


Ex 4 


Ex. 5 


Ex. 6 


to 


Polypropylene rot 
No. 


r rC J 




r fC J 




Quantity of 












components soluble 


99 


99.2 


98.8 


98.9 




in 140^C decane 












(wt.%) 










IS 


Quantity of 












components insoluble 






Ofl Q 


QQ 1 




in 64*C decane 












(wt.%) 














0 7 


X.J 


1 . 3 


2 . 6 


20 


Mn (X 10'^) 


10 


3.1 


2.49 


7.36 




Mw (X 10 ^) 


4.49 


1.7 


1.63 


4.42 




Mz (X 10"^) 


1,7 


0.61 


0.66 


1.84 




Mw / Mn 


4.5 


5.5 


6.5 


6 


25 


(2) Mz / Mw 


3.8 


3.6 


4.1 


4.2 




( 3 ) imitizQn 

percentage ( % ) 


98.6 


98.6 


98.9 


98.5 




(4) D value 


3.27 


<2.6 


2.68 


3.68 


30 


MFR (9/10 minutes) 


1.9 


52 


59 


2.7 


Flexure modulus: FM 
(MPa) 


1807 


1679 


1860 


1880 




IZ impact strength 
(23'C) (J/M) 


46 


21 


34 


22 


55 


Tensile elongation 
(%) 


330 


370 


90 


380 




Melt tension: 




Could not 








MT 230**C (g) 


2 


be 

measured . 


0.1 


1.9 


40 


SR (7^=2600, 230''C) 


1.76 


1.61 


1.71 


1.88 



46 
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Table 5 (continued) 



5 



20 



ss 



30 





Coinp. 
Esc. 7 


Comp. 
Ex 8 


Ref . 
Ex. 1 


Polypropylene rot 
No. 


PPc6/ 


PP-11 
^41 


PP-11 


Quantity of 
components soluble 
XTi 140 c aecane 


98.6 


98.2 


98.5 


Quantity of 
coinponenCs Insoluble 
in 64®C decane 
(wt.%) 


70 . / 


77 .2 


77 . 1 


(1) (H) (dl/Q) 


1.9 


1.9 


2.2 


nn lA xu } 


3.42 


3 . 43 


2 . 1 


Mw (X 10^5) 


2.77 


2.78 


3.87 


Mz (X 10"^) 


1.43 


1.45 


4.57 


Mw / Mn 


8.1 


8.1 


18.6 


(2) Mz / 


5.2 


5.2 


11.8 


( 3 ) lUUiUUik 

percentage (%) 


70.3 


70 . J 


70 . J 


(4) D value 


3.39 


3.38 


7.64 


MFR (9/10 minutes) 


15.6 


15.2 


45 . 


Flexure modulus: FM 
(MPa) 


1910 


2470 


2240 


IZ iznpact strength 
<23*C) (J/M) 


19 


20 


21 


Tensile elongation 
(%) 


310 


240 


10 


Melt tension: 
MT 230''C (q) 


0.4 


0.41 


1.35 


SR (r»2600, 230'»C) 


1.85 


1.87 


3.03 



40 

[0396] In Exanrples 1 0 to 24 and Comparalive Examples 9 to 16 described below, the Ibllowing nibber components 

and inorganic fillers were used. 

45 (Styrene copolymer) 
[0397] 

S-1 : Hydrogenated styrene block copolymer 
so MFR = 7.1g/10 minutes 

Styrene block unit content : 13.2wt% 
(Kraton G1657: made by Shell Co) 

3*2 : Hydrogenated styrene block copolymer 
55 MFR = 1.1g/10 minutes 

Styrene block unit content : 30.4wt% 
(Kraton 01 852; made by Shell Co) 
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(Ethytene/a-olefin copolymer) 
(0398] 

5 1 : Ethylene/1 -butene copolymer 

Density s 0.861 g/bm?. MFR = 1.0g/10 minutes 
Ethylene unit content = 81 mole % 

E-2 : Ethylene/1 -octene copolymer 
10 Density » 0.885g/cni?. MFR ^ 4.9g/1 0 minutes 

1-octene unit content a 1 1 mole % 

E-3 : Propylene/ethylene copolymer 

Density ° 0.858Q/cn?. MFR = 2.0g/10 minutes 
IS Ethylene unit content » 4 1 mole % 

E-4 : Propylene/ethylene copolymer 

[ti] s 2.ldl/g, ethylene unit content = 39.8 mole % 

£0 (Inorganic filler) 

(03^1 

A-1 : Talc (Miceltone. made by Hayashi Kasei Ca), average partide size = ^.4pm 

25 

Examples 10 to 16 

[0400] The respective polypropylenes obtained in Preparation Examples described above, the rubber components, 
and the inorganic filler were dry-blended at the quantities shown in Tabte 6 to prepare polypropylene mixtures. These 
30 polypropylene nvxtures were pelletized upon adding the same type of additive as that added in Example 1 . 
[0401 ] Kneading was pertbrmed at 200 to 230''C using a 3Omm0 extruder. 

[0402] An injection molder made by Toshiba Machine Co., Ltd. was used to Injection mold the obtained corripositions 
at a cylinder tenperature of 210«C and a die temperature of 40<'C. The test results are shown in Table 6. 

3S Comparative Examole 9 

[0403] Example 1 0 was repeated except for using PPc4 obtained in Comparative Preparation Example in place of the 
polypropylene, a polypropylene composition was prepared in the same manner as in Example 10. The results are 
shown in Table 6. 



40 



Comparative Example 10 

[0404] Example 1 5 was repeated except for using PPc4 obtained in Conparative Preparation Example in place of the 
polypropylene, a polypropylene composition vwas prepared In the same manner as in Example 10. The results are 
shown in Table 6. 



so 
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Table 6 



Composition 


Ex. 10 


Ex. 11 


Comp . Ex . 9 


Type 


Parts 

by 
weight 


Type 


Parts 

by 
weight 


Type 


Parts 

by 
weight 


Polypropylene 


PP-6 


75 


PP-6 


75 


PPc4 


75 


Styrene copolymer 


S-1 


25 


S-1 


5 


S-1 


25 


Echylene/a-olef in 
copolymer 






E-2 


20 






Quantity of 
components soluble in 
140**C decane (wt.%) 


99.8 


99.4 


98.9 


Quantity of 
contponents insoluble 
in 64**C decane (wt.%) 


73.6 


74.2 


73.5 


(1) (Ti) (dl/g) 


1.5 


1.5 


1.3 


(2) Mz / Mvr 


18.2 


18.1 


3.4 


(3) Toamci percentage 
(%) 


98.5 


98.5 


98.6 


(4) D value 


9.0 


9.1 


2.4 


MFR (q/10 minutes) 


31.5 


28.7 


31.1 


Flexure modulus (MPa) 


1460 


1440 


1405 


IZ impact strength 
<J/M) 


250 


290 


200 


Surface hardness 
(R scale) 


83 


81 


85 


Embrittlement 
temperature ('O 


-29 


-31 


-25 


External appearance 


AA 


AA 


CC 



35 



40 



45 
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Table 6 (continued) 



5 



10 



Composition 


Ex. 12 


Ex. 13 


Ex. 14 


Type 


Parts 

by 
weight 


Type 


Parts 

by 
weight 


Type 


Parts 

by 
weight 


Polypropylene 


PP-6 


55 


PP-6 


55 


PP-10 


55 


Styrene copolymer 


S-1 


25 


S-1 


5 


S-1 
S.2 


12 
13 


Echylene/a-olef in 
copolymer 






E-2 


20 






Inorganic filler 


Al 


20 


Al 


20 


Al 


20 


Quantity of 
coinponents soluble in 
140'C decane (wt.%) 


78.5 


79.3 


78.5 


Quantity of 
components insoluble 
in 64^C decane (wt.%) 


66.4 


67.1 


66.3 


(1) (n) (dl/Q) 


1.5 


1.5 


1.3 


(2) Mz / Mw 


17,9 


17-9 


18.5 


(3) mmmm percentage 

(%) 


98.5 


98.5 


99.1 


(4) D value 


9.1 


9.0 


9.4 


MFR (g/10 minutes) 


26.1 


25.0 


27.9 


Flexure modulus (MPa) 


2200 


2150 


2200 


IZ impact strength 
(J/M) 


380 


350 


410 


Surface hardness 

(R scale) 


79 


76 


81 


Embrittlement 
temperature (^C) 


-28 


-26 


-34 


External appearance 


AA 


AA 


AA 



'40 
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Table 6 (continued) 



5 


Composition 


Ex. 


15 


Ex. 


16 


Comp. 


Ex. 10 








Parts 




Parts 




Parts 






Type 


by 
weight 


Type 


by 
weight 


Type 


by 
weight 


10 


Polypropylene 


PP-10 


55 


PP-10 


60 


PPc4 


55 


Styrene copolymer 
















Ethylene/a-ole£in 


E-2 


20 


E-1 


20 


E-2 


20 




copolyiner 


E-3 


5 


E-3 


10 


E-3 


5 




Inorganic filler 


Al 


20 


Al 


10 


Al 


20 


15 


Quantity of 
















components soluble in 


78 


.2 


86 


.6 


79 


.2 




140*C decane (wt.%) 
















Quantity of 
















components insoluble 


66 


.5 


66 


.7 


66 


. 4 


20 


in 64**C decane (wt.%} 
















(1) (n) (dl/g> 


1 


.3 


1 


3 


1 


.3 




(2) Mz / Mw 


19 


.9 


19 


.1 


3 


.5 


25 


(3) mmmm percentage 

(%) 


99 


.1 


99 


.1 


98.6 


(4) D value 


9 


.3 


9 


.4 


2 


.5 




MFR (g/10 minutes) 


31 


.9 


20 


.4 


24 


.3 




Flexure modulus <MPa) 


2120 


1450 


2060 


30 


XZ impact strength 
(J/M) 


330 


Did not brea)c 
(> 500) 


210 


Surface hardness 
(R scale) 


79 


60 


77 




Dnbrittlement 
temperature (^C) 


-21 


-43 


-11 


35 


External appearance 


AA 


AA 


CC 



40 Examples 17 to 23 

[04051 The respective polypropylenes obtained in Preparation Examples described above, the rubber components, 
and the inorganic filler were dry-blended at the quantities shown in Table 7 to prepare polypropylene mixtures. These 
polyprqjylene mixtures were pelletized in accordance with the pelletizatlon method of Example 5 and Injection molded 
45 test pieces of the obtained polypropylene compositions were prepared. The test results are shown in Table 7. 

Comparative ExAnriplfl 11 

[0406] Example 1 7 was repeated except for using PPc4 obtained in Comparative Preparation Example in place of the 
so polypropylene PP-9. a polypropylene composition was prepared In the same manner as in Example 1 7. The results are 
shown in Table 7. 

Confoarative Examola 12 

55 (0407) Example 22 was repeated except for using PPc7 obtained in Comparative Preparation Example In place of the 
polypropylene PP-10, a polypropylene composition was prepared In the same manner as in Exanple 17. The results 
are shown in Table 7. 
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Table 7 



IS 



30 



Composition 


Ex. 17 


Ex. 18 


Co.mp. Ex. 11 


Type 


Parts 
by 

weight 


Type 


Pares 
by 

weight 


Type 


Parts 
by 

weight 


Polypropylene 


PP-9 


75 


PP-9 


75 


PPc4 


75 


Styrene copolymer 
(hydrogenated) 


S-l 


25 


S-1 


5 


S*l 


25 


Etylene/a-olefin 

copolymer 






E-2 


20 






Quantity of 
components soluble in 
140*^0 decane <wc.%) 


99.8 




99.6 




98.7 




Quantity of 
components insoluble 
in 64*C decane* 
(wt.%) 


74.1 


74 .1 


73.6 


(1) (n)(dl/g) 


1.4 


1.4 


1.3 


Mn {X 10*^) 


3.2 


3.1 


3.1 


(2) M2 / Mw 


IS. 5 


17 5 


3 . 5 


(%) 


99.1 


99.1 


98.6 


(4) D value 


9.3 


9.2 


2.4 


Components soluble in 
64*^0 decane 
Propylene concent 
(mole %) 






2.8 


Butene content 
(mole %) 


19.7 


4.0 


17.6 


Content o£ 
comonomers of C8 or 
more (mole %} 




6.9 




styrene content 
(mole %) 


4.1 


1.2 


3.9 


MFR (g/10 minutes) 


30.7 


28.5 


31.1 


Flexure modulus (MPaj 


1480 


1440 


1405 


IZ impact strength 
(J/M) 


260 


290 


200 


Surface hardness 

(R scale) 


84 


81 


85 


Embrittlement 
temperature (^C) 


-35 


-31 


-28 


External appearance 


AA 


AA 


CC 



50 
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Table 7 (continued) 



Composition 


Ex. 19 


Ex. 20 


Ex. 21 




Type 


Parts 
by 

weight 


Type 


Parts 
by 

weight 


Type 


Parts 
by 

weight 


Po lypropylene 


PP-9 


55 


PP-9 


55 


PP-10 


55 


Styrene copolymer 
( hvdrogena t ed ) 


S-1 


25 


S-1 


5 


S-1 
S-2 


12 
13 


Etylene/a-olefin 
copolymer 






E-2 


20 






Inorganic filler 


Al 


20 


Al 


20 


Al 


20 


Quantity of 
components soluble in 
140''C decane (wt.%) 


78.5 




79.6 


78.6 


Quantity of 
components insoluble 
in 64°C decane* 
(wt.%) 


66.6 


66.4 


66.3 


(1) ir\) (dl/q) 


1.4 


1.4 


1.3 


Mn (X 10"*) 


3.3 


3.2 


2 . 9 


(2) Mz / Hw 


16.8 


17.9 


18.5 


(%) 


98.5 


98 . 5 


99 . 1 


^4) D value 


9.1 


9.1 


9.4 


Components soluble in 
64''C decane 
Propylene content 
(mole %) 








Butene content 
(mole %) 


19.5 


4.1 


18.1 


Content of 
comonomers of C8 or 

more (mole %) 




6.6 




Styrene content 
(mole %) 


3.9 


1.2 


5.2 


MPR (9/ 10 minutes) 


26.1 


25.1 


27.7 


Flexure modulus (MPa) 


2200 


2150 


2200 


IZ impact strength 
(J/M> 


380 


350 


410 


Surface hardness 
(R scale) 


79 


76 


81 


Embrittlement 
temperature i^C) 


-32 


-26 


-34 


External appearance 


AA 


AA 


AA 



48 



EP0903356A1 



Table 7 (continued) 





Compos ic ion 


Ex. 22 


Ex. 23 


Comp. Ex. 12 


5 






Parts 




Pares 




Parts 






Type 


by 

weight 


Type 


by 

weiqht 


Type 


by 

weight 




Polypropylene 


PP-10 


55 


PP-10 


60 


PPc7 


55 


10 


Styrene copolymer 
(hydrogenated) 
















Etylene/a-ole£in 


E-2 


20 


E-1 


20 


E-2 


20 




copolymer 


E-3 


5 


E-3 


10 


E-3 


5 




Inorganic filler 


Al 


20 


Al 


10 


Al 


20 


IS 


Quantity of 
components soluble in 
140®C decane (wt.%) 


79.1 


89.6 


79.9 




Quantity of 
components insoluble 
in 64®C dec«me* 


66.1 




65.1 




65.1 




20 


(wt.%) 
















(1) (n)(dl/Q) 


1.3 


1.3 


1.2 




Mn (X 10"^) 


3.2 


2.9 


2.7 




(2) Mz / Mw 


18.9 


19.1 


3.6 


25 


(3) mmtnm Dercentaoe 
(%) 


99.1 


99.1 


98.5 




(4) D value 


9.3 


9.4 


2.8 




Conqponents soluble in 
64^C decane 


11.5 




18.6 




12.9 




30 


Propylene content 
(mole %) 
















Butene concent 






7.3 










(mole %) 
















Content of 
















cononomers of C8 or 


8.3 








8.1 




SS 


more (mole %) 
















Styrene content 
(mole %) 










MFR (9/10 minutes) 


31.6 


20.1 


30.3 




Flexure modulus (MPa) 


2120 


1450 


2060 


40 


IZ impact strength 
(J/M) 


330 


Did not 
(> 500) 


brealc 


210 




Surface hardness 


79 




60 




77 






(R scale) 
















Eknbrittlement 


-21 




-44 




-14 




46 


temperature (*C) 
















External appearance 


AA 


AA 


CO 



Example 84 

[0408] The polypropylene powdets PP-5 and obtained in Pr^aration Examples 5 and 6 examples, and the pro- 
pylene/ethylene copolymer E-4 were dry-btended at a weight latio of (PP-5)/(PP-6)/(E-4) » 63/37/25 to prepare a poly- 

55 propylene nnixture. 

[0409] The obtained polypropytena mixture was pellelized in accordance with the pellebzation nnethod of Example 5. 
The results are shown in Tat)le 8. 
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Conparati ve Examples 13 and 14 

[041 0] Example 24 was repeated except for using the polypropylene mixtures shown in Table 8 in ptace of the mixture 
used there, polypropylene oonposttions were prQ>ared in the same manner as in Exanple 24. The results are shown 
5 in Table 8. 

R^entifll Example 2 

[0411] Exan^le 24 was repeated except for using the polypropylene mixture shown in Table 8 in place of the mixture 
w used there, a polypropylene conposition was prepared in the same manner as in Example 24. The results are shown 
in Table 8. 



Tables 



15 


Composition 


Ex. 24 


Comp. Ex. 13 


Comp Ex 14 


Ref. Ex 2 




Polypropylene (parts by weight } 


PP-5(13) 


PPc3(12) 


PPc3(59) 


PP-7(10) 








PP-6(62) 


PPo4(63) 


PPo4(16) 


PP-11(65) 


20 


Propylene/ethylene copolymer (parts by weight) 


£-4(25) 


E-4(25) 


E-4{25} 


E-4{25) 




Quantity of oonponenis soluble in 140*'C decane 
(wt.%) 


99.2 


98.8 


98.5 


98.9 


25 


Quantity of components insoluble in 64'*C decane* 
{wt.%) 


73.6 


73.4 


73.2 


73.3 




(1) 


WCdi/g) 


1.7 


1.5 


1.6 


2.2 






Mn (x 10'^) 


2.85 


3.48 


2.93 


2.16 






IWw(xlO-*) 


2.66 


2.15 


2.26 


3.91 


30 




Mw(x10^) 


3.69 


0.97 


1.18 


4.48 




(2) 


Mw/Mn 


9.3 


6.2 


7.7 


18.1 






Mz/Mw 


13.9 


4.5 


5.2 


11.5 


35 


(3) 


mmmm percentage (%) 


98.5 


98.5 


98.5 


98.5 




(4) 


0 value 


7.1 


3.5 


3.7 


6.1 




Components soluble in 64''C decane 


24.8 


24.8 


24.7 


24.8 




Ethylene content (mole %) 












40 


Mm) 


2 


1.9 


2.1 


2 




MFR (g/10 minutes) 


13,4 


15.6 


14.1 


18.5 




Flexure modulus (MPa) 


1150 


920 


960 


1000 


45 


IZ impact strength (23''C) (J/M) 


240 


310 


240 


180 




Tensile elongation (%) 


340 


360 


380 


400 




Melt tension (230^0) (g) 


0.55 


0.3 


0.35 


1.3 


SO 


SR(230«C) (ra2600) 


1.88 


1.49 


1.61 


2.28 



pj^arpple 2S 

[0412] A polypropylene cxsmposition was obtained by pelletizing the polypropylene mixture, that was obtained in 
55 Example 24, in accordance with the pelletizing method of Exanple 1 . The results are shown in Table 9. 
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[0413} Example 25 was repeated except for using the polypropylene nuxtures shown In Table 9 in place of the ntixture 
used there, polypropylene compositions were obtained in the same manner as in Example 25. The results are shown 

in Table 9. 

Bgferpntial Ex^fTtplg3 

[0414] Example 25 was repeated except tor using the polypropylene mixture shown in TaUe 9 in place of the mixture 
used there, a polypropylene composition was obtained in the same manner as in Example 25. The results are shown 
in Table 9. 



Tabte9 



Conposition 


ex. CO 


Lomp. cX. ID 


KXjtvp. cX. 10 


Ref . Ex 3 


Polypropylene (parts by weight) 


PP-5(13) 


PPc3(12) 


PPc3(59) 


PP-7(10) 








rrCH\po) 


rrC4(io} 


rr-11(65) 


Propylene/ethylene copolymer (parts by weighQ 




c-4(Z5; 


c-4(25} 


E^(25) 


Quantity of components soluble in 140^*0 decane 
(wt.%) 


90.5 


98.9 


98.6 


98.5 


Quantity of components insoluble in 64**C decane' 
(wt.%) 


73.8 


73.6 


73.4 


73.5 


(1) 


(ri)(dl/g) 


1.7 


1.5 


1.6 


2.2 




Mn(x10-^) 


2.88 


3.45 


2.92 


2.12 




Mw(x10-5) 


2.71 


2.14 


2.25 


3.9 




Mw (xlO-^) 


3.71 


0.98 


1.19 


4.45 


(2) 


Mw/Mn 


9.4 


6.2 


7.7 


18.4 




Mz/Mw 


13.7 


4.6 


5.3 


11.4 


(3) 


mmmm percentage (%) 


98.8 


98.5 


98.6 


98.6 


(4) 


D value 


7.2 


3.6 


3.6 


6.2 


Conponents soluble In 64''C decane 


24.7 


24.6 


24.5 


24.5 


Ethylene content (mole %) 












(n)(dl/g) 


2.1 


2 


2 


1.9 


MFR (q/10 minutes) 


13.8 


15.1 


14.5 


18.5 


Flexure modulus (MPa) 


1340 


1180 


1240 


1300 


IZ impact strength (23*^0 (J/M) 


350 


430 


360 


300 


Tensile elongation (%] 


260 


370 


310 


280 


Melt tension (230°C) (g) 


0.56 


0.29 


0.36 


1.29 


SR(230»C) (ye2600) 


1.89 


1.49 


1.6 


2.27 



Claims 

1 . A crystalline polypropylene characterized in that the components insoluble in 64<*C decane meet the following char- 
acteristics (1) to (4): 

(1) The limiting viscosity (n) (in 135^*0 decafin) is 0.5 to lOdl/g.; 

(2) the molecular weight distribution (Mz/Mw) as determined by gel permeation chromatography (GPC: sol- 
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vent: o-chtorobenzene. measurement temperature: 140°C) is 5 or more.; 

(3) the pentad isotactidty (mmmm percentage), which is a stereoregutarhy index deterntined by the measure- 
ment of the ^^NMR spectrum, is 98% or more; and 

(4) the D value, deta^mined usir^ fomula (1) below from the loss tangents* tanSo^ and tan6^o measured 
at the frequencies. 0.05rad/sec and 1 0rad/sec, 

re^ectively. by a melt viscoelasticity measuring device under a tenperature of 230°C and constant strain, is 4.0 or 
more. 

n^l loQ(O.OS) -100(10) I 
|log(tan6oxj5)-to9(tan6io)| 



2. A crystalline polypropylene as set forth in Claim 1 . wherein the number-average molecular weight Mn of the com- 
ponents insoluble In 64''C decane is 25000 or more. 

3. A crystalline pclypropyiene as set forth in Claim 1 . which contains 60wt% a more of the above-described compo- 
nents insoluble in 64''C decana 

4. A crystaDlne polypropylene as set forth in Qaim 1 . which contains a prepdymer as a nucleating agent 

5. A crystalline polypropylene as set forth in Claim 1. which is a homopdypropylena 

6. A crystalline polypropylene as set forth in Claim 1 . which Is a propylene block copolymer. 

7. A process for preparing the crystalline polypropylene of Claim 1 . said process being characterized in that propylene 
is polymerized by muHiple-stages, optionally, along with another monomer in the presence of a catalyst for prepar- 
ing Nghly stereoregular polypropylena 

8. A process for preparing crystalline polypropylene as set fbrth in Claim 7, wherein the multiple-stage polymerization 
is carried out in three stages. 

wherein in the first stage crystalline polypropylene having an intrinsic viscosity (ti) of 8 to 20dl/g is produced 
at an amount con'esponding to 0.5 to I5wt.% of the finally obtained crystalline polypropylene. 

in the second stage crystalline polypropylene ahving an intrinsic viscosity (ti) of 3 to 10dl/g is produced at an 
amount corresponding to 0.5 to 30wt.% of the finally obtained crystalline polypropylene, and 
in the third stage crystalline polypropylene.having an intrinsic viscosity (ti) of 0.8 to 4.0dl^ is produced at an 
amount corr^ponding to 99 to 55wt.% of the finally obtained crystalline polypropytena 

9. A process for preparing crystalline polypropylene as set forth in aaim 7. wherein the muftiple-stage polymerization 
is canied out in two stages. 

wherein in the first stage crystalline polypropylene having an intrinsic viscosity (n) of 8 to 20dl/g is produced 
at an amount corresponding to 0.5 to 15wt.% of the finally obtained aystalline polyprop^ene and 

in the second stage aystalline polypropylene having an intrinsic viscosity [r\) of 0^ to 4.0dl/g is produced at 
an amount corresponding to 99.5 to 85wt.% of the finally obtained crystalline polypropylene. 

10. A process for preparing the crystalline polypropylwe of Oaim 1, said process being characterized in that 0.5 to 
1 5wt.% of a crystalline polypropylene having an intrinsic viscosity (ii) of 8 to 20dl/g is blended with 99.5 to 85wi% 
of a crystalline polypropylene having an intrinsic viscosity (ii)of 0.8 to 4.0dl/g. 

1 1. A polypropylene composition comprising components soluble in UO"C decane and, optionally, conponents insol- 
uble In 140'>C decane. said polypropylene composition being characterized In that the components soluble in 
140*C decane that are also components insoluble in WC decane comprising a crystalline polypropylene lhat sat- 
isfies the following characteristics (1) to (4): 

(1) 7He intrinsic viscosity (n) (in ISS'C decalin) is 0.5 to lOdl/g: 

(2) the molecular weight distribution (Mz/Mw) as determined by gel permeation chromatography (QPC; sol- 
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vent: (xhlorobenzenei measurement temperature: ^ACrC) is 5 or more: 

(3) the pentad isotactichy (mmmm percentage), which is a stereoregulartty index determined by the measure- 
ment of the ^^NMR spectrum, Is 98% or more: and 

(4) the D value, determined using formula (1) below from the loss tangents, tan5oo5 and tan6|o measured 
at the frequencies, COSrad/secand 10rad^&ec. 

respectively, by a melt viscoelasttcity measuring de^/ice under a temperature of Z^ty*C and constant strain, and said 
loss tangent measurement frequencies. Is 4.0 or more. 

n = | lofl(0.05)>log(10) I 
|log(lan6o.o5)-tog|tan6io)| 



12. A polypropylene composition as set forth in Qaim 11. whera'n the number-average molecular weight of the com- 
ponents insoluble in 64*^0 decane is 25000 or more. 

13. A polypropylene oonrposHion as set forth in Claim 11. which contains 70wt.% or more of the components soluble 
in 140X decane. 

14. A polypropylene composition as set forth in Claim 13. wheran the conponents insoluble in 64°C decane is 
included in an amount of 60wL% or more in the components soluble in 140°C decane. 

15. A polypropylene composition as set forth in Claim 13. wherein the components soluble in 64*C decane of the com- 
ponent soluble in 140''C decane comprise an ethytene/a-defin copolymer. 

16. A polypropylene composition as set forth in Claim 13, wherein the components soluble in 64'*C decane of the com- 
ponent soluble in UO^'C decane comprise a styrene copolymer. 

17. A polypropylene composition as set forth in Claim 1 1 . wherein the components insoluble in 140°C decane comprise 
an inorganic filler selected from among talc, glass fiber, potassium titanate. and barium suKata 

18. A polypropylene composition as set forth in Claim 11, which contains a nucleating agent. 

1 9. A thermolbrmed product which is formed of the crystalline polypropylene of Claim 1 . 

20. A thermolbrmed product, which is formed of the polypropylene composition of Claim 1 1 . 
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